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(57) Abstract 

Methods for analyzing an optical surface for an analyte of interest in a test sample and related instruments/devices are dis- 
closed. The method entails the use of thin film optical immunoassay device whereby an analyte of interest is detected in a test 
sample through spectral changes in the light impinging the surface prior to and after the binding of the analyte to reactive sub- 
strate layer(s). The device includes a substrate which has a first color in response to light impinging thereon. The substrate also 
exhibits a second color which is different from the first color. The second color is exhibited in response to the same light when the 
analyte is present on the surface. 
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DESCRIPTION 

. Devices and Methods for Detection of an 
Analyte Based Upon Light Interference 

Related Applications 

This application is a continuation-in-part of any one 
or more of the following U.S. patent applications: Garret 
Moddel et al., U.S. Application No. 07/924,343, filed July 
5 31, 1992, Garret Moddel et al . , U.S. Application No. 
07/873, .097, filed April 24, 1992, now pending, which is a 
continuation-in-part application of Garrett Moddel et al., 
U.S. Application No. 07/408,291, filed September 18, 1989, 
now abandoned; Jeffrey Etter et al., U.S. Application No. 

10 07/653,064, filed February 11, 1991, now pending; Jeffrey 
Etter et al., U.S. Application No. 07/653,052, filed 
February 11, 1991, now pending; Nygren et al., U.S. 
Application No. 07/260,317, filed October 20, 1988, now 
pending, which is a continuation in part of Nygren et al., 

15 U.S. Application No. 07/832,682, filed February 25, 1986, 
now abandoned; and Jeffrey Etter et al . , U.S. Application 
(serial no. to be assigned) filed July 31, 1992 based on 
PCT application US91/01781, filed March 20. 1991 (desig- 
nating the United States of America) , which is a continua- 

20 tion-in-part of U.S. Application 07/408,296, now aban- 
doned; and this application is entitled to foreign priori- 
ty from Diana Maul et al. , European Application No. EP 
91308968.6, filed October 1, 1991, now pending. All of 
the above noted applications (including drawings) are made 

25 a part hereof, and are incorporated herein by reference. 

Field of the Invention 

The present invention relates to devices which 
produce a detectable attenuation of the spectral charac- 
teristic of light impinging on the device by thin film 
3 0 phenomenon . 
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Background of t h* Invention 

SandstrSm et al., 24 AptvHed Optics 472, 1985, 
describe use of an optical substrate of silicon with a 
layer of silicon monoxide and a layer of silicon dioxide 
5 formed as dielectric films. They indicate that a change 
in film thickness changes the properties of the optical 
substrate to produce different colors related to the 
thickness of the film. That is, the thickness of the film 
is related to the color observed and a film provided on 
10 top of an optical substrate may produce a visible color 
change. They indicate that a mathematical model can be 
used to guantitate the color change, and that " [c] alcu- 
lations performed using the computer model show that very 
little can be gained in optical performance from using a 
15 multilayer structure. . .but a biolayer on the surface 
changes the reflection of such structures very little 
since the optical properties are determined mainly by the 
interfaces inside the multilayer structure.. . .The con- 
clusion is, somewhat surprisingly, that the most sensitive 
20 system for detection of biolayers is a single layer coat- 
ing, while in most other applications performance can be 
improved by additional dielectric layers . " 

Sandstrom et al . , go on to indicate that slides 
formed from metal oxides on metal have certain drawbacks, 
25 and that the presence of metal ions can also be harmful in 
many biochemical applications. They indicate that the 
ideal top dielectric film is a 2-3 nm thickness of silicon 
dioxide which is formed spontaneously when silicon monox- 
ide layer is deposited in ambient atmosphere, and that a 
30 70-95 nm layer of silicon dioxide on a 40-60 nm layer of 
silicon monoxide can be used on a glass or plastic sub- 
strate. They also describe formation of a wedge of sili- 
con monoxide by selective etching of the silicon monoxide, 
treatment of the silicon dioxide surface with dichlorodi- 
35 methylsilane, and application of a biolayer of antigen and 
antibody. From this wedge construction they were able to 
determine film thickness with an ellipsometer , and note 
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that the "maximum contrast was found in the region about 
65 nm where the interference color changed from purple to 
blue." They indicate that the sensitivity of such a sys- 
tem is high enough for. the detection of protein antigen by 
5 immobilized antibodies. They conclude "the designs given 
are sensitive enough for a wide range of applications. 
The materials, i.e. , glass, silicon, and silicon oxides, 
are chemically inert and do not affect the biochemical 
reaction studied. Using the computations above it is 

10 possible to design slides that are optimized for different 
applications. The slides can be manufactured and their 
quality ensured by industrial methods, and two designs are 
• now commercially available. It is our hope that these 
sensitive,, versatile, and inexpensive tools will further 

15 the development of simplified methods in immunology and 
biochemistry." [Citation omitted.] 

Nygren et al . , 59 J. Immunol. Methods 145., 1983, 
describe a system similar to that described above, in 
which specific anti -human serum albumin (HSA) antibodies 

20 are used to detect HSA. Fig. 2 of this publication indi- 
cates that 10~ 5 mg/ml of HSA can be detected with a 16 hour 
incubation, but that 10" 6 mg/ml could not be detected in 
this system. They also state " [a] f ter 72 hour of incuba- 
tion time, the detection limit was lower (down to 

25 1 ng/ml) , however, the reaction was then more sensitive to 
unspecific reactions, giving rise to eventually occurring 
positive controls." 

Nygren et al., U.S. Patent No. 4,558,012 describe a 
similar system except that the overall array of layers is 

30 adapted to reduce reflection in respect to non-mono- 
chromatic or white light in the wavelength range of 525- 
600 nM. 

Summary of the Invention 
This invention features improved devices, and methods 
35 for using such devices, for detecting the presence or 
amount of an analyte of interest within a sample. In 
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contrast to prior devices, those of the present invention 
allow detection of extremely small quantities of analyte 
in a sample, in amounts as low as 0.1 nM, 0.1 ng/ml, or 2 
x 10 3 organisms or even as low as 50 fg in a rapid assay 
5 lasting only a few minutes. Total assay times may vary 
from one hour to a few minutes from the initiation of the 
assay protocol ( i.e. . from the time that the analyte 
containing sample is contacted with the device) . Indeed, 
the devices of the present invention permit detection of 
10 over 3 0% more true positive samples than prior devices and 
methods have previously permitted in certain assays, such 
as an assay for Streptococcus A antigen. The invention is 
based upon the finding of better structures in the present 
device compared to those described by Sandstrom and co- 
15 workers (see above) , the details of which are provided 
below. Such devices can be used in an instrumented 
format. They are also useful when provided in a format in 
'which a visual color change can be observed, especially 
when that visual color change is extremely easy to inter - 
20 pret, e.g. . as a change from a gold background to a dark 
purple or blue color. 

Thus, in a first aspect, the invention features a 
device for detecting the amount or presence of an analyte 
of interest. The device includes a substrate which has an 
25 optically active surface exhibiting a first color in 
response to light impinging thereon. This first color is 
defined as a spectral distribution of the emanating light. 
The substrate also exhibits a second color which is 
different from the first color (by having a combination of 
30 wavelengths of light which differ from that combination 
present in the first color, or having a different spectral 
distribution, or by having an intensity of one or more of 
those wavelengths different from those present in the 
first color) . The second color is exhibited in response 
35 to the same light when the analyte is present on the 
surface. Such a device provides a sensitive method for 
detecting an amount of 0,1 ng, 0.1 nM, 0.1 ng/ml, 50 fg, 
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or 2 x 10 3 organisms containing the analyte of interest. 
Indeed, in preferred embodiments, the amount detected can 
be considerably smaller by as much as 10, 100 or even 1000 
fold. The change from one color to another can be 
5 measured either by use of an instrument, or by eye. Such 
sensitive detection is a significant advance over the 
devices described by Sandstrom and Nygren, supra / and 
allow use of the devices in commercially viable and 
competitive manner. Indeed, the sensitivity of the 

10 devices so far surpasses existing techniques that existent 
"gold" standards of detection are exceeded by devices and 
methods of this invention. 

An "optically active surface" is a surface that 
participates in the generation of an optical effect such 

15 that the light impinging upon that surface is in some way 
altered. Such optically active surfaces may be adapted to 
respond not only to polychromatic light ( e.g. . white 
light) but also to monochromatic light ( e.g. , laser light, 
which may be inherently polarized) . Devices of this 

2 0 invention preferably produce a color signal that strongly 
contrasts the background interference color of the 
unreacted test surface and a reacted surface. The test 
surface may produce various shades or intensities of color 
that correspond to a semi-quantitative measurement of the 

25 analyte concentration in the sample, and may be visually 
or instrumentally measured. Such devices allow the 
quantitative, instrumented analysis of thin film assay 
systems . 

In one embodiment, the optically active surface has 
30 a non-specular surface, or is provided with a transparent 
layer having a non-specular surf ace through which the 
optically active surface may be viewed. This embodiment 
is useful in the invention since it makes the angle from 
which the surface is viewed less important. The term 
35 "non- specular" is meant to indicate that the surface does 
not act mirror-like (specular) , but provides a diffuse 
response to light. Generally, it includes an irregular 
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surface with between 100 nm and 100 variations in 

height. The primary advantage is that a diffuse reflec- 
tion allows the color change to be visible over a broad 
range of angles relative to the incident light. 
5 In yet further embodiments, the substrate may include 

an interference film which may be formed from silicon 
nitride, silicon oxides, titanium dioxide, silicon oxy- 
nitride or cadmium sulfide and the like. This film acts 
to cause incident light to undergo interference such that 

10 a specific color is produced on the surface of the sub- 
strate. This film interacts with other layers on the 
substrate to ensure that a color change or wavelength 
intensity change is observed when the analyte is present 
on the device. In more preferred embodiments, an attach- 

15 ment layer is provided which allows bonding of a receptor 
molecule specific for the analyte of interest to be bound 
to the device. It is important in the invention that this 
attachment layer allow attachment of sufficient of the 
receptor material so that a signal is produced on the 

20 device. In other related embodiments, the device may be 
used in a manner in which, once the analyte of interest is 
bonded to the attachment layer, other layers may be 
deposited on the device in an analyte -specific manner to 
produce the color signal or a more intense color signal. 

25 While it may be preferred to produce a device which 

can be analyzed by eye, the invention also includes those 
devices which can be used with an ellipsometer , a compari- 
son ellipsometer, a ref lectometer , a profilometer or 
modified ellipsometers as described in this application, 

30 and the like. 

In other related aspects (described in more detail 
below) , the invention features methods for use of the 
above devices, specific devices adapted for use in the 
invention, and methods for optimizing devices of the 

35 invention by formation of a substrate having an optically 
active surface with varying thicknesses of each of the 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



7 

component layers such that the optimal thickness of each 
layer can be readily determined. 

Specifically, the invention features similar devices 
in which the substrate; has an attachment layer formed from 
5* a chemical selected from the group consisting of dendri- 
mers, star polymers, molecular self -assembling polymers, 
polymeric siloxanes, and film forming latexes; the sub- 
strate itself is formed from a material selected from the 
group consisting of monocrystalline silicon, a amorphous 

10 silicon on glass, amorphous silicon on plastic, a ceramic, 
polycrystalline silicon, and composites of these 
materials; and the substrate may have an optical thin film 
formed from a material selected from the group consisting 
of silicon nitride, silicon/silicon dioxide composites, 

15 silicon oxynitride, titanium dioxide, titanates, diamond, 
oxides of zirconium, and silicon carbide. 

In particularly preferred embodiments, the second 
color is discernable in less than one hour after contact 
of the analyte with the device; the response to light is 

20 observed when the analyte is present on the surface in any 
amount selected from 0.1 nM, O.i ng/ml, 50 fg, and 2 x 10 3 
organisms having the analyte; the surface is specular, or 
non- specular, or a transparent layer having a non- specular 
surface is provided for viewing of the optically active 

25 surface; the substrate is selected from the group consist- 
ing of a solid support, a flexible support, a plastic, a 
glass, a metal and a non-metal; the substrate is light 
reflective or light transmissive; the light is monochrom- 
atic light, polychromatic light, ultraviolet light, or 

30 infrared light; the analyte is selected from the group 
consisting of rheumatoid factor; IgE antibodies specific 
for Birch pollen; carcinoembryonic antigen; streptococcus 
Group A antigen; viral antigens; antigens associated with 
autoimmune disease, allergens, a tumor or an infectious 

35 microorganism; streptococcus Group B antigen, HIV I or HIV 
II antigen; or host response (antibodies) to said virus; 
antigens specific to RSV or host response (antibodies) to 
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the virus; an antibody; antigen; enzyme; hormone; polysac- 
charide; protein; lipid; carbohydrate; drug or nucleic 
acid; is derived from the causative organisms for menin- 
gitis} Neisseria meningi tides groups A, B, C, Y and W 135 , 
5 Streptococcus pneumoniae, E. coli Kl, Haemophilus 
influenza type B; an antigen derived from microorganisms; 
a hapten, a drug of abuse (including drugs which are 
unlawful to use without a permit or license) ; a therapeu- 
tic drug; an environmental agents; and antigens specific 

10 to Hepatitis; the non-specular surface has a reading of 
between 2700 and 3295 with a prof ilometer , wherein this 
value represents the RMS roughness divided by the average 
peak height of the surface texture, and whose specular 
reflectances measured by an HeNe laser light source is 

15 less than about 5%; the substrate is selected from the 
group consisting of glass, and plastic, comprising a layer 
of amorphous silicon on its surface, whereby an optically 
active surface is produced; the optically active surface 
includes monocrystalline silicon or metal; the substrate 

20 is metal further having a layer of amorphous silicon; a 
receptor layer receptive to analyte is provided with a; 
specific binding partner for the analyte; the receptor 
layer is formed from material selected from the group 
consisting of antigens, antibodies, oligonucleotides, 

25 chelators, enzymes, bacteria, bacterial pili, bacterial 
flagellar materials, nucleic acids, polysaccharides, 
lipids, proteins, carbohydrates, metals, viruses, hormones 
and receptors for said materials; and the first color is 
golden in appearance and the second color is purple or 

3 0 blue in appearance to the eye. 

In other preferred embodiments, the device is 
configured and arranged to provide a symbol detectable by 
eye in response to polychromatic light; and the optical 
film is coated on the device in a thickness between 480 A 

35 and 520 A; and the analyte of interest is sandwiched 
between the receptive material and a secondary binding 
reagent . 
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In another aspect, the invention features a device 
for use in an optical assay for an analyte, which includes 
a multi- layered substrate formed with a layer of base 
material, a conducting metal layer of aluminum, chromium, 
5 or a transparent conducting oxide, and a layer of amor- 
phous silicon, wherein the metal layer is positioned 
adjacent the amorphous silicon. Alternatively, the device 
has a multi -layered substrate with a layer of base 
material (any solid material on which optically active 

10 layers may be applied) , and a layer of amorphous silicon 
adjacent the base material. In preferred embodiments, the 
device has an anti-reflective layer attached to the upper 
substrate surface, having an optical material able to 
attach to the upper substrate surface, and a receptive 

15 material positioned most remote from the upper substrate 
surface and selected from materials specific to bind the 
analyte of interest in a fluid to be tested; the base 
material is selected from any of the group consisting of 
glass, fused silica, plastics, semiconductors, ceramics, 

20 and metals, and may be either rigid or flexible; and an 
attachment layer is interposed between the optical 
material and the receptive material. 

In yet other aspects, the invention features an 
optical assay device for detection of an analyte formed 

25 with a substrate selected from glass, plastic, silicon and 
amorphous silicon, an anti-reflective layer selected from 
silicon nitride, composite of silicon/silicon dioxide, 
titanates, silicon carbide, diamond, cadmium sulfide, and 
titanium dioxide, an attachment layer selected from a 

3 0 polymeric silane, polymeric siloxanes, film forming latex, 
or a dendrimer, and a specific binding layer for the 
analyte . 

In preferred embodiments, the amorphous silicon layer 
has a thickness between about 900 and 1100 nm; an aluminum 
3 5 layer of between about 1800 and 2200 A thickness is pro- 
vided on the glass; the silicon nitride, composites of 
silicon/silicon dioxide, titanates, or titanium dioxide 
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layer has a thickness between about 480 and 515 A; the 
attachment layer is an aminoalkyl-T- structured branched 
siloxane of between about 90 and 110 A thickness; and the 
receptive material is an antibody layer of between about 
5 30 and 60 A thickness. 

In more preferred embodiments, the substrate is 
configured and arranged so that any change from the first 
color to the second color is indicated by the output of an 
instrument, such as an ellipsometer ; the change is in the 
10 intensity of light reflected or transmitted from the sur- 
face; the impinging light is reflected by the device and 
the reflected light is elliptically or linearly polarized, 
monochromatic, polychromatic, unpolarized, visible, UV, or 
IR, or any combination thereof; the substrate supports an 
15 optically active surface or is optically active itself. 

In another aspect, the invention features a method 
for detecting the presence or amount of an analyte of 
interest in a sample, including the steps of providing a 
device as described above, and contacting the optically 
20 active surface with a sample potentially including the 
analyte of interest under conditions in which the analyte 
can interact with the optically active surface to cause 
the optically active surface to exhibit the second color 
when the analyte is present. An optical reader may be 
25 used to measure the change in the second color. An 
optical reader consists of one of the following group of 
instruments: an ellipsometer, a refletomer, a comparison 
ellipsometer, a prof ilometer, a thin film analyzer, or 
modifications thereof. 
30 In preferred embodiments, the analyte of interest is 

sandwiched between a receptive material (e.g. , an antibody 
or antigen) and a secondary binding reagent (e.g. , an 
antibody or antigen) ; the analyte of interest is detected 
directly by the binding of the analyte; the analyte of 
35 interest is detected by competition with a signal generat- 
ing reagent for the receptive material; the analyte of 
interest is detected by indirect signal generation; the 
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sample is selected from the group Consisting of urine / 
serum, plasma, spinal fluid, sputum, whole blood, saliva, 
uro-genital secretions, . fecal extracts, pericardial, 
gastric, peritoneal, pleural washes, vaginal secretions, 
5 and a throat swab; and the method includes using a 
ref lectometer to measure the change in color or intensity. 

In particularly preferred embodiments, the method 
involves contacting the substrate with a test sample 
potentially containing the analyte under conditions in 

10 which the substrate exhibits the second color when the 
substrate includes the analyte in the above amount in less 
than one hour; and the device is a ref lectometer set such 
that the first color is a background intensity of a 
specific wavelength or range of wavelengths of light, and 

15 the second color is a change in intensity of one or more 
of those wavelengths of light relative to the first color; 
or the device is a thin film analyzer set such that the 
first color is a background intensity of light transmitted 
through the analyzer to a detector, and the second color 

20 is a change in intensity of the light transmitted through 
the analyzer to the detector relative to the first color; 
or the device is set such that the first color is an eye- 
observable interference color, and the second color is a 
chainge in color relative to the first color. 

25 In yet another aspect, the invention features a 

method for producing an optical assay device having a 
substrate and one or more optical layers, an attachment 
layer and a receptive layer, by spin coating one or more 
of the layers, 

30 In preferred embodiments, the method involves spin 

coating an optical thin film on the surface of a sub- 
strate, where the film is formed from one or more of the 
group consisting of: polysilizanes, aluminum alkyloxides, 
silicates, titanates, zirconates, and T-resin siloxanes, 

35 and the film has a thickness between 250 and 550 A; the 
method includes spin coating an attachment layer on the 
optical device on the optical surface of the device, most 
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preferably formed from one or more of the. group consisting 
of: non-linear branched polymeric siloxanes, film forming 
latexes, and dendrimers, with a thickness between 25 and 
250 A; and the receptive material is spin coated or 
5 solution coated to the attachment layer. 

In another aspect, the invention features an optical 
assay device having an active receptive surface supported 
on a pedestal and held within a first container; the first 
container includes a first absorbent material located at 
10 the base of the pedestal, configured and arranged to 
absorb liquid draining from the surface, a second 
container, hingedly connected to one side of the first 
container, the second container having a second absorbent 
material, wherein the second container can be closed to 
15 the first container by rotation about the hinge, and 
wherein such closing causes the second absorbent material 
to contact the surface. 

In preferred embodiments, the second container 
further has a handle configured and arranged to cause the 
second absorbent material to move relative to the location 
at which the second absorbent material contacts the sur- 
face; the device further has a movable flap in the second 
container which is configured and arranged to prevent the 
second absorbent material from moving from the second 
container; the device has a movable flap in the first 
container which is configured and arranged to prevent. the 
second absorbent material from moving from the first 
container; each flap is hingedly connected to the first or 
second container, and is provided with one or more 
apertures to allow access to the surface or the second 
absorbent material. 

In a related aspect, the invention features an 
optical assay device with a plurality of optically active 
surfaces supported on a base, the base having a first 
3 5 absorbent material configured and arranged to absorb 
liquid draining from the surfaces, and a slidable lid 
having one or more absorbent regions configured and 



20 



25 



30 



SUBSTITUTE SHEET 



WO 94/03774 



PCI7US93/05673 



13 

arranged to contact the optically active surfaces during 
use of the device. 

In preferred embodiments, the device is provided with 
step means to allow stepped movement of the lid relative 
5 to the base; the lid has a series of apertures which allow 
selected access to the surfaces during use of the device; 
the lid has an elongated aperture and wherein the base 
comprises a series of indicia, wherein the elongated aper- 
ture cooperates with the indicia to indicate a method for 

10 use of the device; the analyte of interest is the Human 
Immunodeficiency Virus (HIV) I or II or a combination 
thereof, Streptococcus Group A, Streptococcus Group B, RSV 
{Respiratory Syncytial virus) , Hepatitis B, a Chlamydia 
species, HSV (Herpes Simplex virus) , an antigen, an 

15 antibody, nucleic acid, oligonucleotides, chelators, 
enzymes, bacteria, viruses, hormones and receptors for the 
materials; and the device is configured and arranged to 
measure the presence of amount of Streptococcus A antigen, 
Streptococcus B, RSV, Chlamydia or a Hepatitis antigen; 

20 and has an optically active receptive surface. 

In another aspect, the invention features an optical 
assay device, having an optically active receptive surface 
configured and arranged to allow simultaneous assay of a 
plurality of samples on the surface for one analyte of 

25 interest, and an automated liquid handling apparatus 
( e.g. . a pipetting device) configured and arranged to 
dispense sample and reagent solutions to the surface. 

In preferred embodiments, the device further has an 
optical reader to determine the result of each assay; the 

3 0 device has a blotting or blowing means configured and 
arranged for drying the surface; and the device provides 
a quantitative or qualitative assessment of a sample 
applied to the device. 

In another aspect, the invention features a method 

3 5 for detecting an analyte of interest, by the steps of 
providing a detection device having a light reflective or 
transmissive substrate supporting one or more layers with 
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an adhering attachment layer to which is affixed a 
receptive material which specifically interacts with the 
analyte of interest, reacting the device with a sample 
potentially containing the analyte under conditions in 
5 which the analyte binds to the receptive material, and 
reacting bound analyte with a reagent which creates a mass 
change on the surface of the device. 

In preferred embodiments, the device has a substrate 
of planar reflective material supporting an attached layer 
10 of immunologically active material; the substrate consists 
of a planar reflective material; the substrate and the 
attached layer polarize radiation ellipsometrically upon 
reflection; the reagent increases or decreases the mass on 
the device, e.g. . the reagent is an enzyme, or includes a 
15 polymeric latex, such as a film forming styrene -butadiene 
copolymer which is covalently attached to a secondary 
receptive material specific to the analyte of interest; 
most preferably, the reagent is an enzyme conjugate, which 
includes an anti-bacterial-antibody-enzyme complex; the 
20 reagent causes precipitation of mass by a precipitating 
agent, such as a substrate for an enzyme, e.g. , containing 
3,3' , 5 , 5 1 - tetramethylbenzidene . 

In a related aspect, the invention features a kit for 
an optical assay for an analyte of interest having a test 
25 device with an optically active surface reactive with the 
analyte, and a reagent adapted to react with the analyte 
bound to the surface to alter the mass on the surface. 
Preferably, the reagent is an enzyme conjugate or a 
polymeric latex. 
30 In another related aspect, the invention features a 

method for detecting an analyte of interest in a sample, 
by the steps of providing a thin film optical immunoassay 
device having a substrate, having an upper and a lower 
surface, and supporting on its upper surface, an unlabeled 
35 antibody layer bound to the substrate, at least one layer 
containing the analyte from the sample, the analyte con- 
taining layer supporting at least one layer having an 
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enzyme conjugate complexed with the analyte; contacting 
the enzyme conjugate with a precipitating agent; incubat- 
ing for a time period sufficient to cause precipitation of 
product from interaction of the precipitating agent and 
5 the enzyme; and optically measuring the mass change of the 
enzyme conjugate layer and the unlabeled antibody layer as 
an indication of the amount of the analyte in the test 
sample . 

Preferably, the enzyme conjugate has an immobilized 

10 peroxidase or an anti -bacterial anti -body-horseradish 
peroxidase complex; or the enzyme conjugate is alkaline 
phosphatase and comprises an anti -bacterial -antibody- 
alkaline phosphatase complex; and the precipitating agent 
is a substrate containing 5-bromo-4-chloro-3-indolyl 

15 phosphate. 

In another aspect, the invention features an 
instrument configured and arranged to detect the presence 
or amount of an analyte of interest on the substrate of an 
optical device. The instrument has a source of linearly 

20 polarized, monochromatic light positioned at an angle 
other than Brewster's angle relative to the substrate, and 
an analyzer positioned at the angle relative to the 
substrate at a location suitable for detecting reflected 
polarized light from the substrate. The analyzer is 

25 configured and arranged to approximately maximize change 
in the intensity of the light reflected from the substrate 
that is transmitted through the analyzer when a change in 
mass occurs at the substrate relative to an unreacted 
surface . 

3 0 In another aspect, the invention features a method 

for optimizing an optical assay device for an analyte, by 
the steps of providing a substrate having a chosen thick- 
ness of an optically active layer thereon, providing an 
attachment layer of a chosen thickness on the optical 

35 coating, providing a receptive layer of a chosen thickness 
for the analyte, wherein at least one of the thicknesses 
of the optically active layer, attachment layer and 
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receptive layer is varied to provide a plurality of thick- 
ness of the layer, contacting analyte with the receptive 
layer under conditions in which an increase in mass on the 
receptive layer results, and determining the optical 
5 thickness of the at least one thickness of a the layer. 
Preferably, the thickness of optical coating is varied 
incrementally along the length of the substrate. 

Applicant has discovered that one feature useful for 
optimization of the claimed devices is the use of a 
10 substrate having a known refractive index having an anti- 
reflective layer attached to the upper substrate surface 
consisting of at least one layer of a material able to 
attach to the upper substrate surface and at least one 
layer of a receptive material positioned most remote from 
15 the upper surface and selected from materials specific to 
bind said analyte of interest in a fluid to be tested. It 
is important that the ant i- reflective layer has a refract- 
ive index which is approximately the square root of the 
known refractive index of the substrate surface material 
20 adjacent to the anti-reflective layer, and has a thickness 
less than an odd number multiple of a quarterwave of the 
wavelength of a light incident upon the device. 

That is, applicant has discovered that in order to 
optimize devices of the present invention it is necessary 
25 to deviate from previously developed mathematical algo- 
rithms (see Table 3, of the "Handbook of Optics", Walter 
G. Driscoll, and William Vaughan, editors, McGraw-Hill 
Book Co., NY, 1978, pp. 8-48 to 8-49) reflecting the 
desired thickness of specific optical layers in the device 
30 (see Background of the Invention) . Thus, while such math- 
ematical formulae may provide an indication of a general 
thickness that might be useful in a rather insensitive 
device, the method of this invention provides a device 
with significantly and surprisingly greater sensitivity. 
35. Below is provided an indication of the methodology by 

which the optimal materials and methods useful for con- 
struction of optical test surfaces of this invention can 
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be made. Generally, the present invention includes novel 
optically active test surfaces for the direct detection of 
an analyte, whether through colored signal generation 
detectable by eye or instrumented analysis. These test 
5 surfaces have a specific receptive material bound to the 
test surface by use of an attachment layer. Thus, the 
present invention provides a detection method which 
includes selecting an optical substrate, attaching 
receptive material specific to the analyte of. interest on 

10 the upper layer of the substrate, contacting the receptive 
material with a sample fluid containing the analyte of 
interest, and then examining the change in reflection or 
transmission produced at the coated surface by observing 
a change in first color. 

15 The present invention has a broad range of 

applications and, may be utilized in a variety of specific 
binding pair assay methods. For instance, the devices of 
this invention can be used in immunoassay methods for 
either antigen or antibody detection. The devices may be 

20 adapted for use in direct, indirect, or competitive detec- 
tion schemes, for determination of enzymatic activity, and 
for detection of small organic molecules ( e.g. . drugs of 
abuse, therapeutic drugs, environmental agents) , as well 
as detection of nucleic acids. 

25 Devices of this invention feature a test surface 

suitable to performing assays which can be developed from 
a wide variety of substrates, anti -reflective, attachment, 
and receptive materials which can be introduced into a 
user friendly, broadly applicable assay device and proto- 

30 col, may be used in a format which allows multiple test 
results from a single assay, and may be used to allow 
multiple analytes to be tested with a single sample in a 
simple way. 

The use of an optical thin film or anti-reflective 
35 (AR) coating is one component in the device responsible 
for the observed color change. The devices of the present 
invention also provide improved performance attributes for 
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assays which do not require this level, of sensitivity. 
The improved performance attributes include length of 
assay, ease of interpretation, and flexibility in assay 
format and protocol. 
5 Other features and advantages of the invention will 

be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 

riPsnriDtion of the Preferred Embodiments 

The drawings will first briefly be described. 

10 Drawings 

Fig. 1 is a diagrammatic representation of the 
interference phenomena central to the devices and methods 
of the present invention; 

Fig. 2 is. a diagrammatic representation of specular 
15 and non- specular or diffuse substrate surfaces; 

Fig. 3 is a diagrammatic representation of a method 
of the present invention for selection of optimal 
interference films for use in devices of the present 
invention; 

20 Fig. 4 is a representation of the attachment of 3- 

aminopropyltriethoxysilane to an optical surface; 

Fig. 5 is a diagrammatic representation of the 
attachment of multivalent siloxanes which are useful to 
produce devices of the present invention; R may be any one 
25 of a number of groups which do not interfere with the 
attachment of the chemically active groups to the silica 
atoms present on an optical surface, and which do not 
interfere with the later attachment of receptor (e^, 
biological) moieties, for example, such R groups may be 
30 primary, secondary or tertiary amines, alcohols, ethoxy 
groups, phenyl groups and aromatic groups, among others; 

Fig. 6 is a diagrammatic cross-sectional representa- 
tion of devices of the present invention, which are useful 
for either instrument read results, or for eye-visible 
35 readable results; 
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Fig. 7 is a diagrammatic representation of a method 
of the present invention in which an optical signal is 
obtained or enhanced by provision of mass on the optical 
surface; e.g. . by use of an antibody having a latex bead, 
5 or by use of an enzyme labeled antibody to cause catalytic 
deposition of product material onto a substrate; 

Figs. 8A-8G are isometric and exploded views of a 
device of the present invention; specifically, Figs. 8A f 
8B, 8C, and 8D are respectively a top view, a bottom view, 

10 an isometric side view, and a side view of the device, 
Fig. 8E is an isometric view of the device opened for use 
in an assay, Fig. 8F is an exploded view of the test 
surface of the device, and Fig. 8G is an exploded view 
showing various components within the device; 

15 Figs. 9A-9E are isometric and other views of a multi- 

test device of the present invention, specifically, Figs. 
9A, 9B and 9C are respectively a top view, an isometric 
view, and an exploded view of the device, Fig. 9D shows 
the back of the front cover of the device, and Fig. 9E is 

20 the top of the device without the front cover; 

Fig. 10 is a diagrammatic representation showing 
method steps for use of the device shown in Figs. 8A-G; 

Fig. 11 is a diagrammatic representation showing a 
method of use of a device similar to that shown in Figs. 

25 9A-E; 

Fig. 12 is a diagrammatic representation of a 
potential batch sampling format; 

Fig. 13 is a diagrammatic representation of a prior 
art ellipsometer optical path; 
3 0 Fig. 14a is a diagrammatic representation of a thin 

film analyzer useful in the present invention which uses 
a monochromatic light source and a single photodiode or 
array; 

Fig. 14b is a diagrammatic representation of a 
35 polychromatic light source and a photomultiplier detector; 
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Fig. 15 is a diagrammatic representation of a 
modification of the prior art ellipsometer 1 s optical path 
which demonstrates a new method for signal detection; and 

Fig. 16 is a diagrammatic representation of an 
5 ellipsometer having a reduced optical pathway length; and 

Fig. 17 is a diagrammatic representation of the 
advantages of a reflective substrate in fluorescent assay 
methods relative to conventional fluorescent methods; 

Fig. 18 is a diagrammatic representation of a fifth 
10 generation star polymer or dendrimer (molecular self- 
assembling polymer) . 

Test Device 

A number of types of optical thin film monitoring 
technology including ellipsometry, multiple angle reflect- 

15 ometry, interference spectroscopy, prof ilometry, surface 
plasmon resonance, evanescent wave, and various other 
forms or combinations of polarimetry, ref lectometry, 
spectroscopy, and spectrophotometry are useful in this 
invention. This invention concerns the application of 

20 such technologies for the detection or measurement of 
changes in the thickness, density, or mass of thin films 
resulting from the concentration-dependent immobilization 
of analytes on a surface of suitably selected binding 
material. Such thin film assay technologies directly 

25 detect or quantitate the material of interest, and are 
alternatives to conventional solid phase assays. Thin 
film engineering problems have obstructed the development 
of test kits suitable to compete with existing diagnostic 
or other assay markets. 

3 0 There are several critical features to the construc- 

tion of a test surface of a device of this invention which 
combines specific binding layers and optical materials. 
More specifically, special considerations are required for 
combination of specific binding material with an anti- 

3 5 reflective or interference film. Each feature is 
discussed below, but in general, one must evaluate the 
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interrelationships between an optical, substrate, an 
optional optical thin film or interference film or anti- 
reflective (AR) film, an attachment layer, and the 
receptive material to be used in the composite test 
5 surface, as well as the final assay device requirements. 
The desired end use, visual/qualitative, instrumented/ 
quantitative, and instrumented/qualitative will determine 
which feature of each component is selected in the 
production of a final useful test device of appropriate 

10 sensitivity and performance characteristics. 

Referring to Fig. 1, there is shown the general 
phenomenon of light interference that is central to the 
utility of one embodiment of the present invention. This 
phenomenon is generally independent of the macroscopic 

15 surface characteristics of the test device. For example, 
it is important . only that the device cause a change in the 
observed color of light reflected from the surface, and it 
is not necessary to provide any specific pattern on the 
surface, such as a diffraction grating or any related 

20 pattern. Thus, generally the surface is a planar surface 
with no specific pattern provided thereon. However, the 
surface may be provided in a shape or design that is visu- 
ally useful to the human eye. An unreacted test surface 
causes white light incident at the device to be reflected 

25 as gold light, whereas a reacted test surface, due to the 
additional matter from analyte binding will cause the 
incident white light to be reflected as purple or blue 
light. The change from gold to purple or blue indicates 
the interference difference between the reacted and the 

30 unreacted test surfaces. 

Fig. 6 shows in a diagrammatic form the general 
structure of various types of test surfaces of devices 
utilizing the present invention. For an instrument -read 
device the surface is provided with a substrate, an 

3 5 attachment layer and a receptive material layer, and may 
optionally also be provided with amorphous silicon and/or 
a metal film. In contrast, for visually readable devices 
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it is necessary to provide an optical thin film (or an 
interference film) which, together with the attachment 
layer and receptive material layer, form a composite 
interference film. These various layers and their 
5 interactions are now discussed by way of exemplification. 

finhstrate 

One or more thin films on a surface may attenuate 
incident light on that surface producing a change in the 
incident light that may be measured either by reflectance 
10 or transmittance. Reflection occurs when light encounters 
a medium of a different refractive index than the ambxent 
medium. The ambient medium is generally air with a, 
refractive index of 1.0. Transmission is a general term 
describing the process by which incident light leaves a 
15 surface or medium on a side other than the incident 
surface. The transmittance of a medium is the ratio of 
the transmitted light to that of the incident light. Both 
the reflected or transmitted light can be detected by eye. 
or may be measured with instrumentation. In this inven- 
20 tion, use of such light attenuation in any specific device 
as a measure of the amount of an analyte in a sample is 
possible. The actual structure of the chosen device, 
however, depends on whether a reflection or transmission 
mode is desired, and whether the result is to be inter- 
25 preted by eye or with an instrument. These specific 
combinations are relevant to the choice of a substrate (s) 
and are described generally below. 

Po fiprt a nce yi rri*. Interpretation By Eye, 

One example of the phenomenon used in this invention 

30 is the interference colors observed when viewing oil on 
water on an asphalt surface. This interference effect is 
very common, and can be seen in a piece of multilayered 
mica, a fragment of ice, a stretched plastic bag, or a 
soap film. The change in color is due to local variations 

35 in the thickness of the material. The colors observed 
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with oil on water are particularly intense and easily- 
observed by the eye due to the difference in refractive 
index between water and oil . . The colors are further 
intensified because the water provides a mirror-like 
5 (specular) reflection. The asphalt surface serves to 
absorb transmitted light, suppressing back reflection, 
which would tend to dilute the colors observed. The eye 
is more sensitive to contrast than to changes in inten- 
sity, therefore, selection of materials should allow for 

10 the production of colors which provide high contrast as a 
result of mass or thickness change at the surface. Films 
may be added to the surface of a material to modify the 
reflectance of one or more wavelengths or band of wave- 
lengths. These types of materials are used to produce 

15 sunglasses, camera lenses, and solar windowpanes. 

When the test surface is designed to produce a color 
change visible to the eye, the optical substrate must 
provide a surface that is reflective only at its uppermost 
surface, and of a known refractive index. Polished, mono- 

20 crystalline silicon, metals, and some ceramics or dark 
glasses provide surfaces which may be used directly in 
this application. These materials inherently contribute 
to the generation of the observed signal and may be 
considered to be optically active. 

25 Materials such as glass or plastics may require 

additional processing before they are useful in this tech- 
nique. A material such as glass will allow reflection to 
occur at its upper and back surfaces. To prevent this, 
and allow such materials to be utilized, an additional 

30 film must be applied to the uppermost surface. Amorphous 
silicon, a thin metal film, or a combination of these 
materials may be used. In this case the glass serves as 
a solid support and is not inherently involved in the 
generation of the observed color, therefore it is 

35 considered to be optically passive. 

Only the refractive index of the uppermost surface is 
important in the selection of the optical thin film or 
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anti-reflective (AR) coating when either a single sub- 
strate material or a more complex structure is used (see 
below) . AR materials compatible with a pre-selected 
substrate should approximate the calculations given in 
5 Table 3 pp. 8-48 to 8-49 of the "Handbook of Optics". 
With monocrystalline silicon this is simply the uppermost 
surface, with transparent glass this is the surface coated 
with amorphous silicon or other material. Adjustments to 
the AR film thickness are made using the wedge experiment 

10 described below. Using a reflective substrate to produce 
a color change perceived by the eye, the addition of a 
film of suitable refractive index and thickness is an 
absolute requirement in determining which wavelengths of 
light are antiref lected. 

15 The. optical substrate materials may produce a specu- 

lar reflection, or may be treated to, or intrinsically 
produce, a diffuse reflection which is less angle 
dependent in viewing the signal, as discussed below. 

Transmission Mode, Interpre tation By Eve 

20 For this technique, the color produce is not viewed 

in the reflected light, but is observed as the light is 
transmitted through a surface. This selective transmis- 
sion of different wavelengths of light is used to produce 
sunglasses, camera lenses, windowpanes, and narrowbandpass 

25 filters. The materials will selectively reflect and 
transmit different wavelengths of light. A narrowbandpass 
filter will reflect a large band of wavelengths of light, 
and will selectively transmit only a very small band of 
wavelengths centered around one specific wavelength. The 

30 narrowbandpass filter is constructed of an optical glass 
which is coated on one side with a material which will 
reflect many wavelengths of light. A change in the 
thickness of the material which coats the optical glass 
will change the useful range of the filter centering on a 

35 new set of wavelengths. 
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For this application, the optical substrate selected 
must be transmissive to the visible wavelengths of light, 
thus materials such as monocrystalline silicon, metals, 
certain plastics and ceramics are not suitable unless they. 
5 are extremely thin, transparent sections. Glasses and 
certain transparent plastics are the most useful for this 
application. In this type of technique the substrate is 
optically active. For the generation of a color change 
visible to the eye, the refractive index of the substrate 

10 impacts the type of AR film which is selected. A uniform 
or smooth surface is required for use in this application 
to prevent loss of signal due to scattering at one or more 
of the transmitting surfaces. 

A glass substrate coated with a layer of amorphous 

15 silicon may be transmissive to visible light at certain 
angles, if the. amorphous silicon layer is sufficiently 
thin. This is also true for a very thin layer of metal on 
a glass substrate. For this type of test surface, the 
viewing should be arranged such that the amorphous silicon 

20 is the back surface of the test piece ( i.e. . opposite to 
the viewing surface) . 

Reflectance Mode, Instrumented Interpretation 

The use of the AR or optical thin film component is 
optional when an instrumented . detection is utilized. A* 

25 ref lectometer requires a color change or change in lumi- 
nosity (intensity) for generation of a signal. This color 
change may be different from the color change selected for 
visualization by eye, as the instrument will record 
changes in intensity and does not require a maximal change 

30 in contrast. AR film thickness is preferably adjusted to 
provide the maximal change in recorded intensity as a 
function of analyte binding. In addition, modifications 
to the ref lectometer will allow it to also measure changes 
in color/luminosity (intensity) with a specularly reflect - 

35 ing or diffusing reflecting surface. 
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For use with the ellipsometric type of instruments 
the optical substrate should provide a specular reflec- 
tion. Reflection should occur only from the uppermost 
surface. As previously discussed, glass serves only as a 
5 support in this case and is optically passive or not 
involved in the generation of the detected signal, 
instrumented detection will observe a change in light 
intensity due to its interaction with the thin films. The 
light may be elliptically or linearly polarized, poly- 
10 chromatic, monochromatic, and of any wavelength desired. 

T ^.c^ Mode. l^^n mP nt e d Tnterpretation 

Any optical substrate which is transparent to the 
incident light may be used in this application, whether 
that light is polychromatic, monochromatic, linearly 
15 polarized, or elliptically polarized, and of any wave- 
length desired. Use of an AR film is optional in this 
application, but if required for use with a ref lectometer , 
the rules presented for the interpretation by eye also 
apply here. Thus, the refractive index of the optical 
20 substrate influences the selection of the AR coating. 
Design of the ref lectometer is easily modified to allow 
reflection or transmission measurements to be made. 

When a change in the transmitted light is to be made 
independent of any color, an AR film is not required. The 
25 only requirement for the substrate in this application is 
that some component or components of the incident light be 
transmitted, and that a change in mass or character on the 
uppermost surface of the test piece modifies the trans- 
mitted light in a detectable manner. Materials such as 
30 the irtran series produced, by Eastman Kodak may be of use 
in this application for monitoring changes in the infrared 
(IR) properties of these films. 

Thus, the term "substrate" includes not only a solid 
surface for holding the layers described below, but also 
35 an optically active substrate which may include an optical 
thin film. For clarity, these two portions of a substrate 
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are discussed separately, but those in the art will 
recognize that all that is essential in this invention is 
that the layers (to which the attachment layer and other 
layers are attached) , be optically active to provide a 
5 detectable change in the thickness or mass of these 
layers as described above. 

The optical substrate is either a solid material, or 
supports a layer of material which acts optically. These 
materials must have a known refractive index if it is to 

10 be combined with an optical thin film to produce an inter- 
ference effect. Thus, it may be formed from any desired 
material which is reflective or made reflective, as dis- 
cussed below. For instrument use, the substrate can also 
be transparent ( e.g. . glass or plastic) so that trans- 

15 mitted light is analyzed. 

This invention is suited to use of a variety of 
optical substrate materials and formats to suit the needs 
of the. end user. The optical substrate can be formed of, 
or have coated on it, a material that provides either dif- 

20 fuse or specular reflection, it may be rigid or flexible, 
reflective or transmissive, and it may form an optically 
functional component of the test surface, or it may act as 
an optically passive support (and be provided with optic- 
ally active layers) . Devices designed for instrumented 

25 analysis may not require an anti-reflective (optical thin 
film) coating on the substrate, while those designed for 
viewing by eye may require such a coating. Criteria 
useful for selecting an optical substrate for instrumented 
applications, or for viewing by eye of a color-signal 

30 generating application, are presented below. 

A wide range of rigid materials may. form the optical 
substrate, including glass, fused silica, plastic, 
ceramic, metal, and semiconductor materials. The sub- 
strate may be of any thickness desired. Flexible optical 

35 substrates include thin sheets of plastic and like 
materials. Most substrates require only a standard 
solvent, plasma etching, or acid cleaning, well known to 
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those skilled in the art, before subsequent layers may be 

deposited on them. 

For color-signal generation. visible to the eye, an 
anti-reflective coating material is required. Polymer 
5 films, such as mylar (polyethylene terapthalate) and other 
materials having a low surface energy may not adhere well 
to such material and may require additional treatment 
before this layer can be deposited. To improve adhesxon 
these optical substrates may be etched in an oxygen 
10 plasma, under conditions standard for oxygen plasma 
cleaning in semiconductor processing. 

The surfaces of many solid materials, such as glass, 
and semiconductor materials, such as silicon, metals, 
etc., are sufficiently smooth to provide specular reflec- 
15 tion if they are polished. For use in a reflection-based 
assay the major, requirement in selecting an optical sub- 
strate is that the reflection occur, or be made to occur 
only at the upper surface. This is especially critical 
for devices which include an interference film and are to 
20 be viewed by eye. This is easily accomplished by vapor 
deposition of a thin metal film on the substrate, and 
attachment of subsequent layers by techniques known to 
those skilled in the art. For example, the uppermost 
surface of a glass substrate may be coated with a layer to 
25 prevent unwanted reflections from the lower surface. 

M^t-al Laver 

If the substrate is to be used in a reflect xon mode, 
and is partially or fully transparent, it may be coated 
with an opaque material to block transmitted light and 

3 0 allow reflection to occur only from the upper surface. 
For example, a glass substrate may be coated with a layer 
of aluminum, chromium, or other transparent conducting 
oxide, by mounting in a vacuum chamber facing an alummum- 
filled tungsten boat. The chamber is evacuated to a 

35 pressure of 1 x 10-' Torr. Current is passed through the 
tungsten boat, raising it to a temperature at which the 
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aluminum deposits on the substrate at a rate of 2oA/second 
for 100 seconds, coating the glass with an opaque layer of 
aluminum having a thickness of 2.00oA. Thinner layers of 
aluminum or chromium may also be used to eliminate any 
5 back surface reflections. Non-conducting deposition 
techniques may be used to deposit the metal film. 

Amorphous Silicon 

The aluminum- coated glass, described above, may be 
considered optically passive. Thus, if it is coated with 

10 a layer of hydrogenated amorphous silicon (a-Si:H), the 
optical characteristics of the substrate will be derived 
from the a-Si:H alone. The aluminum- coated glass is 
required only when the amorphous silicon deposition 
process requires a conducting surface. Techniques which 

15 do not require . the use of a conducting surface for the 
deposition of amorphous silicon are known. To produce 
this substrate, the aluminum- coated glass is mounted on 
one of two opposing electrodes in plasma -enhanced chemical 
vapor deposition system. The system is evacuated, and the 

20 substrates are heated to 250°C. A constant flow of silane 
(SiH 4 ) gas into the chamber raises the pressure to 0.5 
Torr. A plasma is struck by applying 10 mW/cm 2 of RF power 
to the electrodes. A film of a-Si:H deposits on the 
substrates, and grows to a thickness of approximately 1000 

25 nm in about 75 minutes. The a-Si:H so formed may form the 
first optically functional layer on the test surface. 

A glass substrate coated only with a-Si:H (without 
the aluminum layer) is also useful in this invention. 
Transparent substrates, such as glass, fused silica, 

30 sapphire, and many plastics may be used in instrument 
transmission measurements, without additional modifica- 
tion. Color-signal generation visible to the eye is 
possible with a transmissive substrate where the anti^ 
reflection properties of the coatings are determined from 

35 the transmitted light. 
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Many of the substrates with a sufficiently reflective 
surface for thin film measurements are formed of metals. 
Examples of these metals, include but are not limited to, 
iron, stainless steel, nickel, cobalt, zinc, gold, copper, 
5 aluminum, silver, titanium, etc... and alloys thereof. 
Metals are particularly useful substrates when an instru- 
ment detection method is employed. For instrumented 
measurement systems, the main requirement is that the 
substrate be reflective and planar. In contrast, for eye 
10 visible color signal generation it is very difficult, but 
not impossible, to match the reflectivity of the metal 
with a suitable anti-reflective coating. The reflectivity 
of the optical substrate and the optical thin film (see 
below) used must match for the optimal production of an 
15 interference color. Thus, devices designed for color 
production are generally formed from other substrates, or 
from amorphous silicon- coated metal substrates as 
discussed above. 



20 



Wnn-Rpecular Surface 

Referring to Fig. 2, there is a diagrammatic repre- 
sentation of a general concept of the present invention in 
which rather than providing a specular substrate (in which 
the surface is mirror-like or almost mirror-like) , the 
surface is manufactured in a manner which will create 
25 irregular bumps as shown diagrammatically in Fig. 2 and 
referenced by the symbol B. These bumps are significantly 
exaggerated in the figure and are generally of a size 
between 1 nm and 100 urn, most preferably between about 100 
nm and 100 pm. Again, these bumps are not provided in any 
30 regular manner, (such as in the form of a diffraction 
grating) , but rather are provided simply to cause 
general scattering of light incident upon the surface. By 
such provision it becomes unimportant from which direction 
the light incident on the substrate is angled and the 
35 color change noted in Fig. 1 can be observed by holding 
the substrate at any angle to incident light, or to the 



a 
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observing eye. Both instrument and eye-visible color 
signal generation surfaces can be constructed with 
specular or diffuse reflecting substrates. 

A surface that provides a diffuse reflection can be 
5 obtained in several ways: physical abrasion, chemical 
abrasion, or coating of a material. Specular substrates 
may be roughened by physical abrasion using a compound 
containing grains of silicon ' carbide to form a diffuse 
surface. Alternatively, the material may be chemically 

10 abraded. For example, a monocrystalline silicon wafer may 
be etched in an aqueous solution of 3 0% potassium hydrox- 
ide (by weight) at 80 °C to form a rough surface composed 
of pyramid structures. The abrasion process may be 
followed by an isotropic etch, well known to those skilled 

15 in the art, to yield an irregular surface that produces a 
diffuse reflection. 

The diffusing properties of the substrate may also be 
produced by a coating. For example, polystyrene spheres 
having a diameter of 2 microns may be suspended in a 

20 fluid, such as a polyamide- containing solution. A glass 
slide is vacuum mounted onto a spin coater, and the 
central portion of the slide covered with the solution. 
The spin coater is switched on for several seconds at 3 000 
rpm, causing the spheres in the solution to disperse 

25 uniformly over the surface. The fluid is allowed to dry, 
yielding a surface that produces a diffuse reflection. 

Embodiments of the present invention include use of 
an optical substrate with an irregular surface to produce 
diffuse light reflection. They also include use of a 

30 smooth optical substrate surface covered with, overlaid 
by, or observed through, a light diffusing or light 
modifying material such as or textured plastic. Viewing 
through such a plastic produces a similar effect to that 
discussed above. 

35 In one example, the optical substrate is formed from 

a silicon crystal which is grown and extruded to 4 inches 
in diameter and then diamond sawed to form a wafer. The 
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wafers are treated with chemical etchants to smooth the 
surface and reduce flaws. The wafers are lapped or ground 
with aluminum oxide, titanium oxide, or silicon carbide 
particles in a talc slurry. The initial grain size is 
5 large and successively smaller particle sizes are used to 
produce an increasingly smoother surface. Both sides of 
the wafer are subjected to this process. The final lap- 
ping process leaves a very diffusely reflective surface. 
Wafers may be further processed with chemical or plasma 
10 etching to modify the diffuse reflecting characteristic of 

the substrate. 

Once the wafers are lapped, they are cleaned using 
the following process or a known modification thereof: 
the wafers are sonically cleaned with a cationic deter- 
15 gent, followed by a rinse with 18 megaohm water. Then 
they are cleaned with an anionic detergent, followed by a 
rinse in 18 megaohm water. They are ultrasonically 
cleaned with an aqueous ammonia solution made of 370 ml of 
30% H 2 0 2 , 2 5 0 ml of aqueous ammonia and 9 gallons of water, 
20 and are rinsed in a cascade of water with the final rinse 
being with 0.1 micron filtered water. They are then spin- 
dried and are ready for optical coating. An alternative 
to this procedure is the "RCA Clean" described in Polymer 
Surfaces, an* interfaces , edited by W.J. Feast and H.S. 
25 Munro, John Wiley and Sons, N.Y. N.Y. , page 212, 1987. 

For glass, the degree of surface character or the 
irregularity is discussed in terms of gloss. The diffuse 
reflective capability of the surface described here refers 
to the degree to which the reflection is scattered com- 
30 pared to a pure specular reflection. Diffuseness is a 
function of the surface topography and because the rele- 
vant topography is much larger than the interference film 
or biofilms, the fuzziness is not expected to vary 
significantly for different specific binding material. 
35 For eye-visible color-signal generation the film will 
affect the lightness or color of the reflected light, but 
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not its diffuse character. Diffuse surfaces which produce 
color signal are particularly useful with ref lectometers . 

The surface topography, and hence fuzziness or 
irregularity may be characterized with a surface prof ilo- 
5 meter, such as the Dek-tak® (Sloan Technology Corp., Santa 
Barbara, California) . The Dek-tak® provides readings on 
the separation or distance between surface features and an 
average value for the height of surface features over a 
'defined region of a surface. One useful measure of the 

10 surface is the Root Mean Square (RMS) or average surface 
roughness divided by the average peak spacing, where a 
peak is defined to be a protrusion with a height of at 
least 50% of the RMS roughness. Since roughness is a 
function of the reflectivity versus angle, it may be 

15 quantified by measuring the angle dependence of the 
reflectivity. . For a light source incident at 30° from 
normal, the reflected light intensity on a photodiode 
should be measured as a function of the angle from 0° to 
90°. The wafer selected should optimally show a smoothly 

20 varying reflectivity over the angular range viewed. Using 
a HeNe laser light source, the specular reflectance from 
a roughened surface useful in this invention should be 
less than 5%, assuming a polished wafer reflects at 100%. 
In an embodiment of the present invention, articles 

25 having the non-specular, i.e. , irregular, surfaces are 
characterized by peak values between about 2700 and 3295 
with a preferred measurement of approximately 2995. This 
value represents the RMS roughness divided by the average 
peak of the textures . 

30 In addition to abrasive lapping, a wide range of 

chemical or plasma etching techniques are suitable for 
providing the diffuse properties of the substrate. For 
example, glass can be modified to a diffuse light reflect- 
ing surface using a HF etch as in the production of 

35 frosted glass. 

For the color-signal generation, substrate selection 
will determine the characteristics of the anti-reflective 
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material or materials used in subsequent coating steps. 
Below is described the selection of anti-reflective 
materials based on initial substrate selection. 

The substrate material may be cut, sawed, scribed, 
5 laser scribed, or otherwise manipulated into the desired 
test piece configuration. Suitable test pieces for a 
single use assay are 0.5 erf to 1 erf with 0.75 erf being 
preferred. Test piece sizes are not restricted to the 
above, as alternative formats may require substantially 
10 more or less reactive test surface. 

Q B^iona] rmt-.ica i Thin Film Material (s) 

Referring to Fig. 1. the simplest description of a 
single optical thin film is that the substrate is coated 
with a thin layer of material such that reflections from 
15 the outer surface of the film and the outer surface of the 
substrate cancel each other by destructive interference. 
Two requirements exist for exact cancellation of reflected 
light waves. First the reflections must be 180° out of 
phase and second they must be of equal amplitude or 

20 intensity. 

In the reflection mode, the optical thin film 
properties of the coatings of a device of this invention 
suppress the reflection of some wavelengths of light and 
enhance the reflection of others. This causes the sup- 

25 pressed wavelengths of incident light to enter the 
substrate, or an opaque coating on the substrate where 
they are absorbed. Most of the light of other wave- 
lengths, whose reflection is not suppressed, does not 
enter the coated substrate and is reflected, however, some 

30 components may be absorbed. As the optical thickness of 
the coating changes, the range of wavelengths in the 
reflected light changes. In transmission mode, the 
properties of the coatings suppress the reflection of some 
wavelengths of light and enhance the reflection of others, 
35 as in the reflection mode. This causes the suppressed 
wavelengths of the incident light to enter the substrate 
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and to be transmitted. Light of other wavelengths, whose 
reflection is not suppressed to as great an extent is 
reflected, and transmitted to a lesser extent. As the 
optical thickness, of the coating changes, the range of 
5 wavelengths in the transmitted light changes . 

Where eye-visible color-signal generation is required 
(see Fig. 6, right hand side) , the final assay result may 
also be measured by instrumentation. Ideally, for the 
production of a perfect interference film using only the 

10 specific binding materials discussed below, and an optical 
substrate, the substrate should have a refractive index of 
the square of the refractive index of the receptor layer 
(see below), i.e. . (1.5) 2 or 2.25, variations in this 
number can still provide useful devices of this invention 

15 as will be discussed below) . The material selected should 
be mechanically stable to subsequent processes , reflect - 
ive, and of known refractive index. It is not always 
possible to match the optical substrate to a particular 
film. For example, a biological film. In these cases, an 

20 intermediate optical thin film must be used to compensate 
for the lack of a suitable optical substrate. For eye- 
visible color- signal generation, the substrate material is 
subject to two restrictions: first, it must adhere to the 
optical thin film material, and second, in the simplest 

25 case, the refractive index of the substrate should approx- 
imately equal the square of the refractive index of the 
material directly above it or, on a more complex test 
surface, the refractive index of the substrate should be 
selected to fit generally one of the formulae in Table 3, 

30 pp 8-48 to 8-49, of the "Handbook of Optics". For 
example, use of a silicon wafer with a refractive index of 
approximately 4.1 allows a test surface to be designed 
with a wide variety of corresponding optical thin films or 
anti-reflective materials. The material should be coated 

35 to a thickness of a quarterwave for the wavelengths to be 
attenuated, or variations in the formulae given in Table 
3. Those skilled in the art will realize that various 
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other substrate materials are equally suited for use as a 
test surface if they satisfy the above criteria. 

The optical thin film coating is deposited onto the 
surface of the substrate by known coating techniques. For 
5 example, by sputtering or by vapor phase deposition in a 
vacuum chamber. Various other useful coating techniques 
are known to those skilled in the art. Materials useful 
as optical thin film coatings are formed of clear material 
which is significantly transmissive at the thickness util- 
10 ized, and suppresses some wavelength of reflective light 
when coated onto the substrate. The film, once deposited 
onto the optical substrate, is also stable to subsequent 
processes. 

Preferably this test surface will have fewer optical 

15 layers, but more complex test surfaces possessing more 
layers corresponding to the formulae provided in Table 3 
with modifications discussed below. As already noted, the 
theoretical calculations are the starting point for 
material selection. Theoretical considerations may be 

20 used to determine which materials are compatible with a 
pre-selected substrate. The coating thickness may be set 
at the predetermined quarterwave thickness or to a 
preselected interference color. However, for the 

construction of a specific binding material optical film 

25 composite of this invention a . number of adjustments are 
required to the initial coating. These adjustments are 
described below. 

For example, a substrate such as a polished silicon 
wafer has a refractive index of approximately 4.1. To 

3 0 maximize the utility of the test surface in accordance 
with the first equations in Table A, the optical thin film 
material selected should have an index of refraction of 
.2.02 ( i.e. , the square root of 4.1). Maximal "apparent" 
color change is achieved for silicon with materials having 

35 refractive indices near 2.0, such as silicon nitride 
(Si 3 N 4 ) or silicon/silicon dioxide composites. Other 
optical thin film materials that have a similar refractive 
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index include, but are not limited to: . tin oxide, zinc 
oxide, chromium oxide, barium titanate, cadmium sulfide, 
manganese oxide, lead sulfide, zinc sulfide, zirconium 
oxide, nickel oxide, aluminum oxide, boron nitride, magne- 
5 sium fluoride, iron oxide, silicon oxynitride (Si x OyN 2 ) , 
boron oxide., lithium fluoride, and titanium oxide. 

Silicon Nitride 

One method for the deposition of silicon nitride is 
a plasma- enhanced chemical vapor deposition technique 

10 similar to that described above for the deposition of 
a-Si:H. It is recognized that this technique, or modifi- 
cations of this technique, are suitable for the deposition 
of a large number of materials. For example, to produce 
Si 3 N 4/ ammonia (NH 3 ) gas is added to silane gas. Silicon 

15 nitride performs well as an optical thin film on sub- 
strates of monocrystalline silicon and polycrystalline 
silicon, or on amorphous silicon and polycrystalline 
silicon on optically passive substrates. 

The compatibility of the silicon nitride deposition 

20 process with the a-Si:H deposition process produces a very 
cost-effective combination. The two films may be 
deposited as follows. Glass substrates are mounted in an 
evaporation systems where a 2000A thick layer of aluminum 
is deposited on the glass, as described above. Then the 

25 substrates are mounted in a plasma-enhanced chemical vapor 
deposition system, where a 1 micron thick layer of a-Si:H 
is deposited, as described above, followed by a silicon 
nitride layer. In this way an inexpensive reflection-mode 
test surface is formed on a glass substrate. This 

30 approach may be extended to the deposition of these 
coatings on dielectrics and flexible substrates described 
in U.S. patent 3,068,510 issued December 18, 1962 to 
Coleman. 

The refractive index of the silicon nitride, or by 
35 analogy the silicon/silicon dioxide composites, may be 
controlled in the vapor deposition process. The ratio of 
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gases may be varied, or the deposition rates may be 
varied, and a variety of other methods known to those 
skilled in the art may be used to control or select the 
refractive index of the optical thin film deposited. 

5 Mult i -laver Films 

Multi -layer optical thin film coatings may be 
deposited by electron beam evaporation. A substrate is 
mounted in a vacuum deposition chamber, and suspended over 
two or more crucibles of the various material to be 

10 evaporated. Each crucible is then heated by an electron- 
beam gun, and the rate of evaporation monitored using a 
crystal thickness monitor. Each crucible is covered by a 
movable shutter. By alternately opening and closing the 
shutters, the substrate is exposed sequentially to each 

15 vapor stream, until the desired multi-layer stack has been 
deposited, or a multi -component film is deposited. The 
described procedure may be generalized to more than two 
crucibles in order to deposit multiple layers of various 
optical thin film materials, or multi -component films 

20 tailored to a specific refractive index. 

The test surface when coated at a specific thickness 
with a silicon nitride film suppresses certain wavelengths 
in the blue range of visible light and therefore reflects 
a yellow-gold interference color. Although a yellow-gold 

25 interference color is utilized in the examples below, the 
interference color of the test surface can be any suitable 
color in the spectrum of light. The color depends on the 
substrate material selected, the chemical composition and 
refractive index of the optica], layer/s selected, and the 

30 thickness and number of coated layers. These design 
techniques can also be utilized to produce test surfaces 
with signals or backgrounds in the ultraviolet or infrared 
region of the spectrum of light, however, these test 
surfaces are useful only in instrumented detection of a 

3 5 bound analyte. 
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For example, lithium fluoride may form one component 
of a multi-layer stack. It has a refractive index of 1.39 
for visible light, and thus forms. a one-quarter wavelength 
layer for green light at a thickness of 925A. It may be 
5 evaporated from a platinum crucible at approximately 
900°C. 

Titanium Film 

Titanium films are particularly useful for the 

production of optical films. Such films have advantages 
10 since they use materials which are safer to handle and 

dispose of than other optical materials, such as SiH 4 . The 

method of application is also more cost effective and 

rapid with less instrumentation required. 

Titanium dioxide has a refractive index of approxi- 
15 mately 2.2 for visible light, and thus forms a one-quarter 

wavelength layer for green light at a thickness of 585A. 

Because titanium dioxide decomposes into lower oxides upon 

heating, the evaporated films are not stoichiometric. To 

deposit stoichiometric titanium dioxide the electron-beam 
20 must be pulsed. The deposition occurs at approximately 

2000°C. 

Organotitanates may be hydrolyzed to titanium dioxide 
(Ti0 2 ) under conditions which prevent premature polymeriza- 
tion or condensation of titanates. The latter reactions 

25 are base catalyzed. The organotitanate may be mixed with 
an aqueous solvent system and a surfactant. The solvent/ 
surfactant system selected should tolerate a high solid 
content, have good leveling or spreading capacity, and be 
miscible with water. Alcohols and the f luorosurf actants 

3 0 manufactured by 3M (Minnesota) are particularly useful for 
this method. Hydrolysis of the organotitanate should 
occur prior to any polymerization or condensation, and the 
solvent system should be acidic to prevent undesired 
polymerization reactions. The counter ion supplied by the 

35 acid can be used to improve the solubility of the 
titanium-acetic acid and hydrochloric acid are. preferred. 
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A nonaqueous solvent system may be used but the organoti- 
tanate must not be pre-hydrolyzed. The solvent must be 
anhydrous to improve the stability of the coating solu- 
tion Suitable solvents include toluene, heptane, and 
5 hexane. A surfactant is not required (as in the aqueous 
solvent system), but may further improve the coating 

characteristics . 

Once the organotitanate and the solvent system are 
mixed, a predetermined volume of this solution is applied 
0 to an optical substrate using a spin coating technique. 
When the organotitanate is mixed with a non-aqueous 
solvent system the solution is applied to the optical 
substrate by dynamic delivery. In a dynamic delivery 
method the substrate is attached to the spin coater and 
L5 spun at 4,000 to 5,000 rpm. The solution is applied to 
the spinning substrate which continues to spin until an 
even film is obtained. For aqueous solvent systems, 
dynamic or static delivery of the solution is possible, 
in static delivery, the solution is applied to the 
20 substrate and then the spinning is initiated. The spin 
rate required is dependent on the percent solids in the 
solution, the volume applied to the substrate, and the 
substrate size. The thickness of the titanium layer 
generated is a function of the percent solid, the volume 
25 applied, and the spin rate. 

The titanium dioxide layer may be cured to the 
substrate by a number of techniques. The refractive index 
of the titanium dioxide layer is controlled by the temper- 
ature of the substrate during curing and to a much lesser 
degree the length of the curing process. The curing 
process may use a furnace, an infrared heat lamp, a hot 
plate, or a microwave oven. 

Titanium dioxide offers a number of advantages for 

this application: 
35 i. It is inexpensive and easy to apply to a wide 

range of optical substrates and is not hazardous 
to produce. 



30 
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2. Its refractive index can be controlled and will 
cover a range from 1.6 to 2.2. Thus, it can be 
used to give an equivalent material to silicon 
nitride with a refractive index of 2.0. 
5 3 . The titanol formed at the surface reacts 

chemically similar to silanols in subsequent 
derivatization processes (see below). 
In addition to the titanates, silicates, aluminum alkyl- 
oxides, and the corresponding analogs of zirconium may all 
10 be used to produce an optical thin film by this method. 

In addition to spin coating the titanium dioxide, 
polysilazanes may be used to produce silicon nitride 
coatings by spin coating. These protocols may also be 
adapted for use in this technology. T-resins such as 
15 polymethylsilsesquioxane or polyphenylsilsesquioxane 
(general formula RSiOj^) may be spin coated to the optical 
substrate or support to provide a silicon carbide surface 
with a suitable refractive index for generation of an 
optical thin film. 

20 Optimization Procedure 

A model was developed to select an optimal background 
interference color for any particular combination of sub- 
strate, optical thin film (AR film) , attachment layer and 
receptive material. Since the mathematical models devel- 

25 oped to date are not effective to provide useful devices 
of the present invention, these models are used only as a 
starting point in the device construction. Optimization 
is necessary to provide a device of this invention. For 
illustration purposes only, the selected substrate was a 

30 silicon wafer and the optical material selected was sili- 
con nitride. The most highly contrasting colors observed 
were a yellow-gold changing to magenta with an increase in 
mass on the test surface. 

Referring to Fig. 3, a method for selection of the 

35 optimal thicknesses of each layer for a device of the 
present invention is disclosed for a silicon nitride film 
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on silicon • In step 1, a silicon substrate is provided 
either with a specular or non-specular surface, A silicon 
nitride film is provided on this. surf ace and, as shown in 
steps 2 and 3, is eroded away in a stepwise fashion by 
5 heating and stirring in an appropriate solution. The 
timing of each step is selected such that the portion 
which is subjected to erosion for the longest period of 
time exhibits a pale gold color, while that portion which 
is not exposed to erosion exhibits a deep blue color. In 

10 steps 5 and 6 respectively, an attachment layer and a 
receptive material layer for analytes to be detected are 
provided on the silicon nitride. These layers are pro- 
vided in a thickness which may be determined empirically, 
or can be similarly optimized ( e.g. , in this stepwise 

15 fashion) if so desired. In step 7, an assay is performed 
with three portions of the strip being treated in a 
different manner such that a negative response, a weak 
response, and a strong response can be recorded. The 
results are shown in step 7, and the thickness of silicon 

20 nitride useful, in the invention can be determined by those 
sections providing the strongest weak positive response in 
the test . 

Specifically, a silicon wafer was prepared with a 
thick coating (80oA) of silicon nitride so that the wafer 

25 appeared to be a deep blue. Then the optical thin film 
material was etched off the wafer in a hot, phosphoric 
acid bath to produce a wedge of interference colors. The 
optical material was etched such that 300A remained at one 
end of the wedge and 700A remained at the other end of the 

30 wedge. (At 180°C the silicon nitride was removed at 
approximately 20A per minute.) 

The etched, wedged test surface was coated with an 
attachment material, and then a receptive material. The 
reactive surface was analyzed with a negative, a weak 

35 positive, and a strong positive sample. The thickness of 
the optical material was then measured at the wedge seg- 
ments which appeared to provide the most distinctive color 
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change, or visual contrast. The optimal film thickness is 
most readily selected based on the composite test surface 
analysis. This process maximizes the visual contrast 
obtained for the specific assays. 
5 Silicon nitride is easily etched to produce the wedge 

of thicknesses needed for this empirical evaluation. Many 
materials are susceptible to an acid etching or base 
etching process . Other chemical methods of etching the 
material are possible. If a desired optical film is not 

10 easily removed from a particular optical substrate because 
the film is too easily destroyed, or the optical substrate 
is not stable to the required etchant, another method of 
generating the wedge may be used. For instance, moiiocrys- 
talline silicon is not stable to prolonged exposure to 

15 basic solutions. If an optical film on silicon requires 
a basic etchant the wedge can not be generated using a 
chemical approach. 

Several alternatives exist: (1) the optical film may 
be deposited on an optical substrate which is introduced 

20 stepwise into the coating chamber over a period of time. 
Each newly exposed section will receive a thinner coating 
than the previously exposed section. (2) The substrate 
may be masked and the mask removed stepwise over a period 
of time. (3) Several different coating runs each produc- 

25 ing a different thickness of. optical material may be 
performed. (4) Ion milling may also be used to etch 
certain materials . 

For any given optical substrate and a substitute 
optical thin film of the same refractive index as the 

30 original optical thin film., this optimization need not be 
repeated. The above method was used to establish that a 
480 - 520 A film of Si 3 N 4 , with a refractive index of 2.0, 
was required for a silicon wafer {optical substrate) to be 
used in a binding assay (see Example 2) . It has been 

35 demonstrated that Ti0 2 at a refractive index of 2.0, using 
the same attachment layer and receptive material, requires 
a 480 - 520 A coating. Minor thickness adjustments may be 
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required if the refractive index is not. exactly that of 
the original material. 

Thus, the formulae established for the coating of 
optical thin films are used as a guideline only for the 
5 production of a test surface suited to a specific binding 
assay. For a pre-selected substrate, the square root 
dependence of an optical thin film is used to screen 
appropriate optical materials. Some deviation from the 
perfect square root dependence is acceptable for this 

10 invention. The use of a quarterwave thickness of the 
optical coating is only an initial guide to coating 
thickness. Thickness of the optical thin film must thus 
be empirically derived in consideration of the specific 
binding materials. The composite specific binding optical 

15 thin film of this invention does not meet the conditions 
theoretically required to produce such a film. Neither 
the thickness nor the refractive index rules are followed. 
Surprisingly such deviation from these accepted formulae 
results in a test surface which is very sensitive to mass 

20 changes or thickness changes. 

While of less importance, the relative thicknesses of 
each layer, and not just the optical thin film layer, may 
be varied as described above to optimize the final test 
device for any particular attachment layer and receptive 

25 material layer. 

Attachment Layer 

This invention is further concerned with materials 
and methods for producing a layer which attaches the 
specific binding layer to the optical substrate or optical 

30 thin film. Specifically, the invention pertains to a 
method for producing an attachment layer which optimizes 
the functional density, stability, and viability of 
receptive material immobilized on that layer. The attach- 
ment materials selected must be compatible with the 

35 biological or receptive materials, must physically adhere 
or covalently attach to the upper test surface (whether an 
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optical thin film is included or not) , must preferably not 
interfere with the desired thin film properties of the 
test surface, and must be sufficiently durable to 
withstand subsequent processing steps. 
5 The density and stability of immobilized receptive 

material (or, in some cases, enzymes) must be controlled 
to optimize the performance of an assay test surface. 

Applicant has determined that one problem in obtain- 
ing useful devices of this invention was the extremely 

10 limited macroscopic and/or microscopic surface area of the 
test films employed in a thin film assay as compared with 
the microscopically convoluted surface characteristics of 
other conventional solid phase assay materials. In most 
cases, the optical substrate must be evenly coated with a 

15 continuous attachment layer that protects the receptive 
material from . any toxic effects of the reflective 
substrate while adhering it to the surface. 

In conventional solid phase assays, the larger test 
surfaces generally employed, such as microtiter wells, 

20 have much greater total surface area and microscopically 
convoluted surfaces relative to a thin film substrate . 
Thus, the amount of receptive material immobilized com- 
pensates for any .sparsity in coverage, or any losses in 
viability (ability to bind analyte) which result from 

25 conformational or chemical changes caused by the immobil- 
ization process. It also compensates for any receptive 
material which may be unavailable for binding due to poor 
orientation. Thus, applicant has discovered that in 
direct thin film assays the surface area limitations 

30 require the use or development of special materials and 
procedures designed to maximize the functional density, 
viability, stability, and accessibility of the receptive 
material . 

Much of the original work to adapt siliceous 
35 materials for retention of specific binding molecules 
originated with affinity chromatography applications and 
used silica (Si0 2 ) gel, and solid supports such as glass. 
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initial activation of silica towards the binding material 
was accomplished by treatment with a dichlorodimethyl- 
silane. Silanization, regardless of the process used to 
apply the silane, can introduce groups capable of 
5 covalently attaching the molecule by chemical means. 

Previously, optically active surfaces have been made 
hydrophobic by use of dichlorodimethylsilane (C^Clj) which 
bonds with hydroxyl groups on the surface of silica to 
attach two methyl groups to that surface. Thus, a slight 
10 hydrophobicity results. Applicant has determined that 
such a reaction does not produce an optimal surface 
reactivity. Referring to Fig. 4, there is shown in 
diagrammatic form the bonding of a more useful silane 
material which bonds to the silica groups present on a 
15 substrate. Only bonding of such silane molecules to the 
surface provides an available group, such as an amine 
group for bonding with a receptor molecule. It is evident 
from this figure that the greatest number of biological 
molecules that can be bonded in this way is equal to the 
20 number of silica groups available for interaction with 
silane. In contrast, as shown in Fig. 5, even more useful 
attachment molecules of the present invention are multi- 
valent with respect not only to the silica groups present 
on a substrate (thus, providing a stronger bond), but are 
25 also multivalent with respect to the groups that can bond 
to the receptor molecules since each R group shown in the 
figure can be multivalent, and can even bond with further 
siloxanes, if so desired. Those of ordinary skill in the 
art can readily determine equivalent siloxanes or other 
30 molecules which can be used as attachment layers to 
increase the amount of receptor molecules that may be 
bonded on any particular silicon-containing or other 
substrate . 

Applicant has discovered that when silicon replaces 
35 silica as the solid support or substrate for subsequent 
attachment, conventional silanization is inadequate in 
this invention. A silane requires the presence of silanol 
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residues in order to attach to the surface. With mono- 
crystalline silicon, the silanol density is insufficient 
to yield the density of functional groups desired for 
immobilization reactions, thus, less than optimal recept- 
5 ive material will be attached to the test surface, see 
Fig. 4. Silica and many glasses possess a high silanol 
content or are easily treated to provide a high silanol 
content. However, silicon also introduces surface 
effects, not observed with silica or glass, which are 

10 toxic or detrimental to biomolecules . Such silanization 
processes also produce hazardous materials which require 
disposal, and in many cases are tedious and difficult to 
monitor and. control. While this silanization process 
provides some level of reactivity, it does not provide the 

15 level of. sensitivity required for many applications. In 
addition, amine -containing silanes introduce a number of 
unique difficulties. One is that amine- functionalized 
silanes are water soluble and the amine group catalyzes 
the hydrolysis of the silane from a modified surface. 

20 Applicant has discovered that silanes modified with a 
polymer are functionally better in devices of this 
invention, e.g. , PEI modified silane or its equivalent 
(Fig. 5) . 

In a preferred embodiment, the attachment layer is 
25 spin coated or aerosol spray coated in a uniform manner. 
The various intermediate materials are coated to the sub- 
strate at thicknesses between and 500A (thicker amounts 
can be employed) . The layer can be formed of any material 
that performs the following functions and has the follow- 
30 ing characteristics: creates a favorable environment for 
the receptive material, permits the receptive material to 
be bound in active, functional levels (preferably by a 
cost-effective method) , adheres tightly to the optical 
substrate, and can be coated uniformly. 
35 Ideally, for direct eye detection methodologies, the 

surface activation technique should provide a covalent 
modification of the surface for stability while introduc- 
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ing a very dense uniform or conformal film on the surface 
of the substrate. A strongly adsorbed conformal film 
without covalent attachment may be adequate, for example, 
suitable substrates, such as monocrystalline silicon, 
5 macroscopically planar, uniform optical glasses, metalized 
glass and plastic, whether or not coated with an optical 
layer <Lju. SiO, Si0 2 , S±*. etc_J have a deficiency of 
available reactive groups for covalent attachment, but are 
useful in this invention. Once applied, the attachment 
10 layer should provide an environment which supports the 
adherence of a specific binding layer by covalent or 
adsorptive interactions, that is dense and functional. 
This attachment layer must be of sufficient thickness to 
separate the specific binding layer from any toxic effects 
15 of the initial optical substrate. 

Three examples of types of materials that may be used 
for the production of this test surface are now described. 
Referring to Fig. 5, non-linear branched polymeric silox- 
anes may meet the requirements of covalent attachment to 
20 the substrate and will adhere receptive material xn a 
reactive and stable film. These polymers typically con- 
tain 2-3 branch points which may introduce a number of 
different functionalities (R) to the surface; including 
aminoalkyl, carboxypropyl , chloropropyl , epoxycyclohexyl- 
25 ethyl, mercaptopropyl, phenethyl, phenethylsulf onate, 
vinyl, methyl and methacryloxy-propyl (produced by 
Petrarch Systems) . These polymeric siloxanes are particu- 
larly useful when a layer of silicon nitride is the upper 
surface as even fewer silanols are available for attach- 
30 ment. T-structured polydimethylsiloxanes with functional- 
ity at the branch terminus include carboxy, propyl, and 
vinyl groups (Petrarch Systems). Typical examples of 
these materials are provided in U.S. Patents 4,208,506, 
3,530,159 and 4,369,268, all hereby incorporated by 

35 reference herein. 

A second group of materials which demonstrate utility 
in the production of these test surfaces are copolymeric, 
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conformal, surface activator or film forming latexes which 
commonly consist of a styrene/polybutadiene mixtures. 
Although these preparations perform as particles while in 
solution, they do not retain their particulate nature at 
5 a surface or upon drying. These materials are designed to 
strongly adhere to surface micro- structures . TC7 and TC3 
particles distributed by Seradyn and the Surface 
Activators (amide or carboxylic acid) distributed by Bangs 
Laboratories or Rhone-Poulenc are particularly well suited 

10 to this application. Any similar film forming latex or 
styrene /butadiene/other copolymer may be used. 

Another class of compounds which has utility in the 
production of this type of test surface is dendrimers, or 
star polymers, or molecular self -assembling polymers. 

15 These polymers strongly adhere to a surface once dried. 
These materials are generated in a cyclic fashion, each 
cycle producing a new generation of material. Any genera- 
tion of material may be used in this application, however, 
generation 5 (shown diagrammatically in Fig. 17) has been 

20 demonstrated to provide the best reactivity. These 
materials are produced and composed of the materials 
listed in U.S. Patents #4,507,466; #4,588,120; #4,568,737; 
and #4,587,329. Represfentative of a ternary dendrimer is 
the polyamidoamine shown in Figure 17. In this figure, Y 

25 represents a divalent amide moiety. Such as 

-CH 2 CH 2 CONHCH 2 CH 2 - and YN is a repeating unit. The terminal 
groups may be amines as shown in Figure 17 but may be any 
active group which will serve as a dendritic branch for 
subsequent generations. Other suitable divalent moieties 

30 include alkylene, alkylene oxide, alkyleneamine and the 
like with the terminal being an . amine, carboxy, aziri- 
dinyl, oxazolinyl, haloalkyl, bxirane, hydroxy, carboxylic 
esters, or isocyanato group. 

All of these materials are stable to organic solvents 

35 which improve the spreading capacity on a solid support. 
This allows the attachment layer to be generated by a spin 
coating technique which is easy to control and produce in 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



50 



volume. Alternate methods of application include dip 
coating, spray coating, or other aerosoling techniques. 
The use of an organic solvent . is acceptable because, 
following the curing process (generally a heat treatment) , 
5 none of the organic solvent remains to contact the recept- 
ive material. The curing process improves the adhesion of 
the attachment layer to the optical test surface and helps 
drive the polymerization and condensation processes. 
Evaluation of each of these materials and the precise 
10 methods of producing these attachment layers are presented 
in Examples 5, 6, and 7, below. 

The siloxanes point to a general class of materials 
that are useful in this application. The siloxanes are 
not water soluble, and do not hydrolyze upon contact with 
15 an aqueous coating solution or sample. Because of the 
branched structure and the polymeric features, rather than 
forming a single isolated island as a silane will (Fig. 

4) , the polymeric structure forms a continuous film (Fig. 

5) 'on the test surface. The highly cross-linked structure 
20 of a siloxane increases the total surface coverage. The 

refractive index of the siloxane film can be controlled or 
varied with the functional group incorporated into the 
side chains of the siloxane and thus caused to interact 
with the other layers to produce an appropriate 

25 interference film. 

The siloxanes covalently modify the substrate, but 
this is not an essential feature, as other materials which 
adhere to the surface without any subsequent delamination 
and are stable to mechanical manipulation are useful. 
30 Methods of coating polymers to substrates are known to 
those skilled in the art of semiconductor fabrication. 

Although not required, additional materials which 
convey a desired property may be affixed to the attachment 
layer This layer could improve receptor material orien- 
35 tation, for example, use of Protein A or Protein G for 
orienting antibodies. Other materials which can be used 
include avidin-biotin, synthetic or recombinant Protein 
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A/Protein G fragments or peptides or combined A/G 
peptides, etc. 

The immobilization chemistry for attaching the 
receptive material to the attachment layer is selected 
5 based on the properties of both the attachment layer and 
the receptive material . The receptive material can be 
covalently or passively attached to this material. When 
the attachment layer is specifically adapted for covalent 
attachment, an additional step to activate the attachment 

10 layer may be required. A variety of activation and 
linking procedures can be employed, for example, photo- 
activated biotin can be employed to adhere the receptive 
material. Usually, it is sufficient to passively adsorb 
the receptive material to the attachment layer, thus 

15 avoiding the time and expense of immobilization chemistry 
procedures ... 

Receptive Material 

The receptive material is defined as one part of a 
specific binding pair and includes, but is not limited to: 

20 antigen/antibody, enzyme/substrate , oligonucleot ide/DNA, 
chelator /met al , enzyme/inhibitor , bacteria/receptor , 
virus/receptor, hormone/receptor, DNA/RNA, or RNA/RNA, 
oligonucleotide/RNA, and binding of these species to any 
other species, as well as the interaction of these species 

25 with inorganic species. 

The receptive material that is bound to the attach- 
ment layer is characterized by an ability to specifically 
bind the analyte or analytes of interest. The variety of 
materials that can be used as receptive material are 

3 0 limited only by the types of material which will combine 
selectively (with respect to any chosen sample) with a 
secondary partner. Subclasses of materials which can be 
included in the overall class of receptive materials 
includes toxins, antibodies, antigens, hormone receptors, 

35 parasites, cells, haptens, metabolites, allergens, nucleic 
acids, nuclear materials, autoantibodies, blood proteins, 
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cellular debris, enzymes, tissue proteins, enzyme sub- 
strates, co- enzymes, neuron transmitters, viruses, viral 
particles, microorganisms, proteins, polysaccharides, 
chelators, drugs, and any other member of a specific 
5 binding pair. This list only incorporates some of the 
many different materials that can be coated onto the 
attachment layer to produce a thin film assay system. 
Whatever the selected analyte of interest is, the recept- 
ive material is designed to bind specifically with the 
10 analyte of interest. The matrix containing the analyte of 
interest may be a fluid, a solid, a gas, or a bodily fluid 
such as mucous, saliva, urine, fecal material, tissue, 
marrow, cerebral spinal fluid, serum, plasma, whole blood, 
sputum, buffered solutions, extracted solutions, semen, 
15 vaginal secretions, pericardial, gastric, peritoneal, 
pleural, or other washes and the like. The analyte of 
interest may be an antigen, an antibody, an enzyme, a DNA 
fragment, an intact gene, a RNA fragment, a small mole- 
cule, a metal, a toxin, an environmental agent, a nucleic 
20 acid, a cytoplasmic component, pili or flagella component, 
protein, polysaccharide, drug, or any other material, such 
as those listed in Table A. For example, receptive 
material for the bacteria listed in Table A may specific- 
ally bind a surface membrane component - protein or lipid, 
25 a polysaccharide, a nucleic acid, or an enzyme. The ana- 
lyte which is specific to the bacteria may be a polysac- 
charide, an enzyme, a nucleic acid, a membrane component, 
or an antibody produced by the host in response to the 
bacteria. The presence of the analyte may indicate an 
30 infectious disease (bacterial or viral), cancer or other 
metabolic disorder or condition. The presence of the 
analyte may be an indication of food poisoning or other 
toxic exposure. The analyte may indicate drug abuse or 
may monitor levels of therapeutic agents. 
35 One of the most commonly encountered assay protocols 

for which this technology, can be utilized is an immuno- 
assay. The discussion presented for construction of a 
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receptive material layer below specifically addresses 
immunoassays. However, the general considerations apply 
to nucleic acid probes, enzyme/substrate, and other 
ligand/receptor assay formats. For immunoassays, an 
5 antibody may serve as the receptive material or it may be 
the analyte of interest. The receptive material, for 
example an antibody, must form a stable, dense, reactive 
layer on the attachment layer of the test device. If an 
antigen is to be detected and an antibody is the receptive 

10 material, the antibody must be specific to the antigen of 
interest; and the antibody (receptive material) must bind 
the antigen (analyte) with sufficient avidity that the 
antigen is retained at the test surface. In some cases, 
the analyte may not simply bind the receptive material, 

15 but may cause a detectable modification of the receptive 
material to occur. This interaction could cause an 
increase in mass at the test surface or a decrease in the 
amount of receptive material on the test surface. An 
example of the latter is the interaction of a degradative 

20 enzyme or material with a specific, immobilized substrate, 
see Example 13 . The specific mechanism through which 
binding, hybridization, or interaction of the analyte with 
the receptive material occurs is not important to this 
invention, but may impact the reaction conditions used in 

25 the final assay protocol. 

In general, the receptive material may be passively 
adhered to the attachment layer. If required the free 
functional groups introduced onto the test surface by the 
attachment layer may be used for cdvalent attachment of 

30 receptive material to the test surface. Chemistries 
available for attachment of receptive materials are well 
known to those skilled in the art. 

A wide range of techniques can be used to adhere the 
receptive material to the attachment layer. Test surfaces 

35 may be coated with receptive material by: total immersion 
in a solution for a pre -determined period of time; appli- 
cation of solution in discrete arrays or patterns; 
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spraying, ink jet, or other imprinting methods; or by spin 
coating from an appropriate solvent system. The technique 
selected should minimize the amount of receptive material 
required for coating a large number of test surfaces and 
5 maintain the stability/functionality of receptive material 
during application. The technique must also apply or 
adhere the receptive material to the attachment layer in 
a very uniform and reproducible fashion. 

Composition of the coating solution will depend on 
10 the method of application and type of receptive material 
to be utilized. If a spin coating technique is used a 
surfactant may improve the uniformity of the receptive 
material across the optical substrate or support. In 
general, the coating solution will be a buffered aqueous 
15 solution at a pH, composition, and ionic strength that 
promotes passive, adhesion of the receptive material to the 
attachment layer. The exact conditions selected will 
depend on the type of receptive material used for the 
assay under development. Once coating conditions are 
20 established for a particular type of receptive material, 
e.g. , polyclonal antibodies, these conditions are suitable 
for all assays based on such receptive material. However, 
chemically distinct receptive materials, for example 
polyclonal antibodies and nucleic acids, may not coat 
25 equally well to the attachment layer under similar buffer 
and application conditions. 

It has been demonstrated that when the receptive 
material is an antibody suitable adhesion is obtained when 
the attachment layer is a T-structured siloxane. The T- 
30 structured siloxanes provide a very uniform hydrophobic 
surface for antibody interaction, see Example 6 . 

Surprisingly, the film forming latexes generally 
provide a better attachment for antigens than do the 
siloxanes. Antibody interaction with the immobilized 
35 antigen is improved on a siloxane modified surface, while 
enzymatic reaction with a substrate is improved on a latex 
modified surface relative to a siloxane modified surface. 
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The materials and methods described above allow the 
construction of a specific binding test surface. The test 
surface is composed of an optical substrate or support, an 
optional optical thin film, an attachment layer, and 
5 finally a layer of receptive material. For a visual 
determination of a specific binding event or interaction, 
the composite interference film is actually designed to 
include the optical thin film, the attachment layer and 
the receptive material . The initial interference color 

10 selected must be maintained when the attachment layer and 
receptive material are coated onto the optical thin film, 
see Fig. 3. Once a surface is coated with receptive 
material a small spot of a preparation containing the 
analyte of interest may be applied to the surface. This 

15 is incubated for a few minutes, rinsed, and then dried 
under a stream of nitrogen. This will generate a proce- 
dural control which will be developed whether the sample 
being assayed is positive or negative. This control 
assures the end-user, that the assay protocol was followed 

20 correctly and that all the reagent 6 in the kit are 
performing correctly. The procedural control may be 
applied in any pattern desired. 

Like the procedural control the receptive material 
may be applied in a pattern. Thus, the device will pro- 

25 vide a symbol detectable by eye . in response to polychrom- 
atic light when the optical thin film is applied to the 
optical substrate. The coating solution containing 
receptive material may be applied to the surface which is 
covered with a mask. The mask will allow the receptive 

30 material to be immobilized on the attachment layer only in 
the sections which are exposed to the coating solution. 
A surface which is uniformly coated with receptive mater- 
ial may be covered with a mask and the receptive material 
may be selectively inactivated. There are a number of 

35 techniques which are suitable for the inactivation of 
receptive material. One of the simplest techniques for 
biological materials is to expose section of the receptive 
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material to UV irradiation for a sufficient period of time 
to inactive the material. The mask may be designed in any 
pattern which will assist the end-user in interpretation 
of the results. 

5 Techniques such as stamping, ink jet printing, ultra- 

sonic dispensers, and other liquid dispensing equipment 
are suitable for generation of a pattern of the receptive 
material. The receptive material may be applied in the 
pattern by these techniques, incubated for a period of 
10 time, and then rinsed from the surface. Exposed sections 
of attachment material may be coated with an inert 
material similar to the receptive material. 

A particularly useful combination of interference 
colors relies on a yellow/gold interference color for the 
15 test surface background or starting point. Once an 
increase in mass occurs at the surface, mass being a 
direct function of thickness and concentration, the 
reacted zone changes interference color to a purple/blue 
color. As described above, the optical thin film can be 
20 adjusted and optimized to compensate for the layers re- 
quired in the construction of the biological test surface 
to maintain the desired starting interference color. 

Mass Enhancement 

Thin film detection methods which provide direct 
25 determination of specific binding pairs offer significant 
advantages relative to radioactive or enzymatic means, 
including fluorescent, luminescent, calorimetric, or other 
tag-dependent detection schemes. Thin film systems can be 
applied in the detection of small molecules. Such ana- 
30 lytes, however, fail to produce sufficient thickness or 
optical density for direct eye or instrumented detection. 
Applicant has discovered that a means for mass enhancement 
is necessary. Thin film detection systems, however, per- 
form optimally when the integrity of the film is main- 
35 tained. Thus, any method designed for amplification m 
such a system should provide an increase in thickness or 
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mass and maintain the film integrity, as well as meet any 
limitations imposed by the detection systems, and should 
be of the simplest possible construction. 

C. Fredrik Mandenires and K. Mosbach, 170 Anal . 
5 Biochem. 68, 1988, describe a method of using small silica 
particles coated with concanavalin A or an anti-IgG anti- 
body in an ellipsometric assay. Silica particles provide 
a refractive index which is sufficiently close to the 
biological layers that they increase the apparent thick - 

10 ness of the biological layers in a concentration dependent 
manner. These particles being rigid in nature . do not, 
however, maintain the integrity of the films. Thus, light 
scattering occurs. 

The amplification technique may be directly related 

15 to the concentration of the analyte of interest or may be 
inversely proportional to the concentration of the analyte 
of interest as in a competitive or inhibition assay for- 
mat. The binding of a mass enhancement or amplification 
reagent must be a specific function of the analyte binding 

20 to the test surface and may be considered as part of a 
signal generating reagent. 

Referring to Fig. 7, there is shown in diagrammatic 
form two methods by which the presence of an analyte on a 
device of the present invention can be detected by signal 

25 amplification. For example, the signal may be amplified 
by contacting the receptive material with analyte labeled 
with a latex particle or other means which will enhance 
the thickness of the receptor analyte layers when the two 
are bound together. Alternatively, the analyte may be 

30 labeled with an enzyme, through a secondary binding agent, 
such that, while the receptor- analyte -enzyme combination 
may not be detectable, by provision of a substrate for 
that enzyme, a product is deposited on the test device and 
can be detected by eye. Applicant has found that it is 

35 advantageous to ensure that the surface of the device is 
charged so that deposition of the product from the 
substrate is aided. 
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The mass enhancement reagent must be capable of 
passive or covalent attachment to a secondary receptive 
material. An example of passive attachment to a mass 
enhancing reagent is the adsorption of antibodies onto 
5 surface activator particles. An example of the covalent 
attachment of a mass enhancing reagent to the secondary 
receptive material is the conjugation of horseradish 
peroxidase (HRP, or another enzyme) to an antibody. 
Regardless of the mechanism employed, the mass enhancement 
10 reagent should form a stable product or adduct with the 
secondary receptive material. The coupling protocol 
selected should not leave or introduce non-specific bind- 
ing effects at the test surface. The mass enhancement 
reagent may also be capable of direct, specific inter - 
15 action with the analyte. 

Thus, the invention features methods for the amplifi- 
cation of signals in assay systems which rely on a thin 
film detection method. Such methods include, but are not 
limited to, ellipsometry, interference effects, profilo- 
20 metry, scanning tunneling microscopy, atomic force micro- 
scopy, interferometry, light scattering, total internal 
reflection, or ref lectometric techniques. The materials 
selected for use in these types of systems preferably 
maintain some degree of particulate character in solution, 
25 and upon contact with a surface or support form a stable 
thin film. The film is preferably conformal to the test 
surface to maintain the desired smoothness or texture of 
the substrate. The characteristic texture of the surface 
will be dependent on the detection method employed. The 
30 material selected must also be capable of adhering, 
through covalent or passive interaction, a receptive 
material or one member of a specific binding pair. A 
secondary receptive material or binding reagent preferably 
is adhered to the signal amplifying material or particle 
35 in a manner which preserves the reactivity and stability 
of that secondary receptive material. The secondary- 
receptive material applied to the particle may be identi- 
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cal to, or matched to the receptive material immobilized 
on the test surface. The combination of a secondary 
receptive material or binding reagent and additional 
material, whether a. particle, an enzyme, or etc., forms a 
5 mass enhancement or signal generating reagent. 

In general, an optical assay that requires amplifica- 
tion consists of a substrate whose properties and charac- 
teristics are determined by the type of detection method 
used, an optional secondary optical material, an attach - 

10 ment layer, a layer of receptive material, and the mass 
enhancement reagent. A general assay protocol requires 
that the sample suspected of containing the analyte of 
interest be processed through any treatment necessary, 
such as extraction of a cellular antigen, and then be 

15 mixed with the secondary or amplification reagent. An 
aliquot of this mixture is applied to the receptive 
material coated substrate. After an appropriate incuba- 
tion period, the unbound material is separated from the 
reacted film by either a physical rinse/dry protocol or 

20 with a device contained rinse/dry step. The signal is 
then interpreted by eye or instrument ally . The introduc- 
tion of the secondary or amplification reagent can be 
achieved by addition of a reagent to the sample, as a 
lyophilized material in the sample collection or 

25 application device, or embedded in an assay device. 

t . 
Polymer Solid 

Polymers useful in this invention are conformal (film 
forming) and do not introduce a particulate character to 
the surface. A wide variety of styrene-butadiene copoly- 
mers have found utility in agglutination assays, immuno- 
assays, and chromatography applications. The latexes 
commonly used are highly cross-linked, rigid copolymers. 
The most common use of latex particles in these applica- 
tions is as the solid support for capture and separation 
of the desired analyte. Styrene-butadiene copolymers with 
low cross -linking have been designated surface activators 
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or film forming latex particles. These preparations 
behave as particles in solution but upon contact with a 
surface dry to a conformal film. These film forming 
styrene-butadiene copolymers may contain a wide variety of 

5 functional binding groups. 

Rigid polystyrene particles also have been used for 
signal generation by incorporation of a dye. These par- 
ticles are simply an alternate method for the introduction 
of a tag or label for signal generation. Use of colored 

10 or dyed latexes for agglutination assays and for membrane 
based assays have been extensively utilized (for a review 
see L.B. Bangs, American Clinical Laboratory News, May 
1990) . As in previous cases, the primary requirement for 
these particles is that they maintain their structure for 

15 visualization in agglutination assays and do not distort 
to block the pores of the membrane -based tests. While 
covalent attachment provides specific advantages with 
certain interacting species, passive adsorption of the 
receptive material to the latex is frequently adequate, 

20 The production of suitable amplifying film- forming 

latex particles requires the selection of a film- forming 
particle or surface activator compatible with the secon- 
dary reactive species and of sufficient size to increase 
the apparent thickness or density of the captured analyte. 

25 The secondary reactive species may be immobilized on 

the surface activator particles by incubation at the appro- 
priate temperature for a period of time. The temperature 
selected will be influenced by the chemistry utilized to 
attach the secondary reactive species to the particle, the 

3 0 nature of the reactive species, and the composition of the 
particle. In addition to the temperature, length of 
incubation, and chemistry of immobilization, the buffer 
composition (pH and ionic strength) , and the amount of 
secondary reactive material must also be optimized to the 

35 particular application. 

The specific examples (14 and 15) given below are 
intended to be illustrative of the type of method (s) used 
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for the production of the film- forming amplification 
reagent. The conditions described are not intended as a 
limitation in the preparation . of such amplification 
reagents. The styrene/butadiene/vinyl copolymers are the 
5 preferred film forming latex compositions. However, any 
styrene/butadiene copolymer which maintains the film 
forming property is acceptable. The functional group may 
be of any chemical composition which will support the 
adhesion or interaction of a secondary binding reagent, 

10 where the secondary binding reagent will specifically bind 
with the analyte of interest. The TC7 and TC3 formulation 
distributed by Seradyn and the Surface Activator formula- 
tions distributed by Bangs Laboratories or Rhone -Poulenc 
are preferred (the catalogs of which are hereby incorpor- 

15 ated by 4 reference herein) . More conventional latex 
particles (referred to as S/B/V-CONH 2 , S/B/V-COOH, S/V- 
CONH 2 , S/R-NH 2 , S/HYDRAZIDE, S/V-COOH, S/B-COOH, S/B-CONH2 # 
PS, S/VBC, S/A/V-COOH, PMMA-COOH, S/A-OH, S/R-OH, and S/R- 
SHO) have demonstrated some utility in this invention, but 

20 tend to produce a more diffuse signal than the film 
forming latexes . 

Catalytic Production of Solid 

Applicant has found that even more sensitive optical 
thin film assays can be obtained with an enzyme/substrate 

25 pair which produces insoluble precipitated products on the 
thin film surface. The catalytic nature of this amplifi- 
cation technique improves the sensitivity of the method. 
Enzymes which are useful in the present invention include 
glucose oxidase, galactosidase peroxidase, alkaline phos- 

30 phatase and the like. However, any process which provides 
a specific component which can be attached to a receptive 
material and can catalyze conversion of a substrate to a 
precipitated film product is suitable to this technology. 
An insoluble reaction product results when immobilized 

35 antibody- antigen- ant ibody-HRP complex is present on the 
test surface. The product is precipitated by the action 
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of a precipitating agent such as combination of alginic 
acid, dextran sulfate, methyl vinyl ether/maleic anhydride 
copolymer, or carrageenan and the like, and with the 
product formed by the interaction of TMB (3 , 3 1 , 5, 5 ' -tetra- 
5 methyl -benzidine) with an oxygen free radical. This par- 
ticular substrate will form an insoluble product whenever 
a free radical contacts the TMB. Other substances such as 
chloro-naphthol , diaminobenzidene tetrahydrochloride , 
aminoethyl-carbazole, orthophenylenediamine and the like 

10 can also be used. These are used in concentrations from 
about 10 to about 100 mM.' It is by these means that a 
measurable increase in mass occurs with the enzyme- 
conjugate layer. The color signal is unaffected by the 
underlying color of any chromophore present in the sub- 

15 strate solution. A variety of enzyme substrate systems or 
catalytic systems may be employed that will increase the 
mass deposited on the surface. 

Examples of such an enzyme-labeled antibody methods 
in thin film assays for the detection of low levels of the 

2 0 polysaccharide antigens . derived from the group of bacteria 

commonly responsible for bacterial infections in man, such 
as Meningitidis and Streptococcus are presented in 
Examples 16, 17, 18. 

Referring to Fig. 6, there is a graphic representa- 
25 tion of a cross- section of the multilayer device having a 
substrate upon whose upper surface, various layers are 
coated. In one example, these layers include a layer of 
silicon nitride immediately adjacent to the upper optical 
substrate layer, an attachment layer such as a polymeric 

3 0 siloxane, and the receptive material, which for a bac- 

terial antigen assay is an antibody. Referring to Fig. 7, 
when the analyte is present, a complex with the enzyme- 
labeled antibody and analyte is simultaneously formed on 
the test surface. It is over this mass that the substrate 
35 is added to cause the product precipitate described to 
form. 
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If desired, the analyte of interest may be combined 
with the mass enhancing reagent and the immobilized 
receptive material either in a simultaneous or sequential 
addition process. Either mechanism results in the forma - 
5 tion of an analyte/mass enhancement reagent complex which 
is immobilized on the test surface. Thus, the mass 
enhancement reagent may be mixed directly with the sample. 
This mixture may then be applied to the reactive test 
surface and incubated for the required period. This is a 

10 simultaneous assay format. 

In some cases additional sensitivity is gained by 
performing a sequential addition of the sample followed by 
the mass enhancement reagent . Any mechanism or specific 
interaction can be exploited for the generation of a mass 

15 enhancement reagent. For instance, nucleic acids are 
known to tightly bind or intercalate a number of materi- 
als, such as metals, and certain dyes. These materials 
would serve to introduce mass into a specifically 
immobilized nucleic acid. 

20 The increase of the product layer may be determined 

by various means including a visual means or by the use of 
instrumentation, such as ellipsometry and where light 
intensity differentials are caused by the increased 
thickness. The receptive material enzyme complex is thus 

25 capable of direct interaction with the analyte of interest 
and more particularly is evidence of an analyte, such as 
an antigen. This change is detectable by measuring the 
optical thickness and does not necessarily depend on any 
light reflectivity of the substrate material. . One such 

30 instrument is the Sagax Ellipsometer , described in U.S. 
Patents 4,332,476, 4,655,595, 4,647,207, and 4,558,012, 
which disclosures are incorporated in full and made a part 
hereof . 

Devices 

35 Several configurations of the above multilayer test 

surface in a device format are possible. The simplest 
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assay format is a single use, single sample device. A 
more complicated device allows for a single sample to be 
screened for the /presence of multiple analytes. 
Additional devices allow multiple samples to be screened 

5 for a single analyte or batch testing. 

The single use device provides an easy to use format 
which is adaptable to a wide range of assays, such as 
infectious disease- testing, pregnancy or fertility test- 
ing, etc. Protocols for using these single test devices 

10 are very simple. The sealed device is opened exposing the 
reactive test surface. Sample is applied to the test 
surface and incubated for a short period of time, for 
example, 2 minutes. The sample may or may not require 
pre -treatment, such as antigen extraction from bacteria, 

15 etc. Addition of a secondary reagent to the sample prior 
to application to the test surface may also be required. 
Once the incubation period is complete, the unreacted 
sample is removed with a water rinse. The device is 
blotted to dry the test surface. Depending on the test 

20 and the mass enhancement/amplification method used, the 
assay is complete or the assay may require additional 
incubation/wash/dry cycles. The test device and protocol 
are well suited to physician office, clinical laboratory, 
home or field testing environments. A protective shell. is 

25 preferably provided around the device, e.g., composed of 
polystyrene, polypropylene, polyethylene, or the like, 
which is readily formed into a molded or injection molded 
devices. Multi-analyte or multi-sample devices may be 
made of similar materials using similar processes. 

30 Single Use Device 

Specific examples of such devices are shown in the 

Figures . 

For example, referring generally to Figs. 8A-8G, a 
single use device may be packaged in any size of molded 
35 device, but in this example has a length of 1.74 inches 
and a width of 2.22 inches and a depth of 0.375 inches for 
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the closed device. The device is constructed of a base 
which will hold the test surface and an absorbent pad for 
retaining the wash solution and excess sample. The device 
lid is designed to hold a blotter pad which will remove 
5 excess moisture from the test surface. To secure the 
absorbent pad in the base of the device or the blotter in 
the lid a thin sheet of plastic is attached to each 
portion of the device by a living hinge. The base and the 
lid of the device are joined by a living hinge. However, 

10 any clasp or hinge combination which will allow multiple 
opening/closing cycles is acceptable. Once the absorbent 
pad and blotter are placed in the device these covers are 
closed to secure the materials. These plastic covers 
provide protection to the end-user by preventing exposure 

15 to the wash solution and excess sample contained within 
the absorbent materials. The lid of the device may be 
designed with or without a clasp but it is preferred that 
a tight seal be obtained. The device should be easily 
disposed of or of a convenient size for storage. All 

20 components of the device, except the reactive test 
surface, may be sterilized if required. 

The upper blotter pad has several unique require- 
ments. The composite blotter material must be set in the 
lid of the device directly over the test surface. When 

25 the lid is closed and the rinsed test surface is contacted 
by the blotter pad, the test surface must compress into 
the blotter pad sufficiently to preferentially blot solu- 
tion vertically away from the test surface. The blotter 
pad may be mounted oil a small plastic slide such that 

30 fresh, dry material is presented to the test surface for 
additional wash/dry steps. The initial material in the 
blotter is selected to rapidly wick water vertically from 
the surface, i.e. . the paper has a high rate of absorp- 
tion, while the subsequent materials have high absorptive 

35 capacity and will remove solution horizontally from the 
test surface. The blotter material next to the surface 
must not shed or scratch the optical test surface. 
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Whatman's Grade IChr paper serves this function very well 
but alternate materials are acceptable. Any hxghly 
absorbent material may be used as .the additional layers in 
the blotter pad. Two additional pads in combination with 
the Grade IChr layer have been found to be optimal for a 
two stage drying process. The layers may be free or lamx- 
nated together. When a multi-step rinse/dry is requxred, 
the slide supporting the blotting material has a handle 
for positioning fresh blotter over the test surface This 
handle fits into openings in the protective shield over 
the base of the device to prevent the blotter from movxng 
when it is contacting the test surface. 

The reactive test surface is mounted on a pyramxdal 
shaped pedestal which extends above the base of the 
15 device. Rinse solution flows over the test surface and 
down the faces of the pedestal where it is trapped in the 
adsorbent pad. The pedestal also positions the test sur- 
face so that it is compressed into the blotting material 
when the lid is closed. The test surface mounted on to 
20 the pedestal may range in size from 0.5 erf to 1.0 cm wxth 
0 75 cm 2 being preferred. The only limitation on the size 
of the test surface for an eye-visible assay is that some 
unreacted test surface be visible for contrasting to the 
reacted zone. As the interference color change or other 
25 signal produced for a positive response is permanent, the 
test device may be sealed and stored as a permanent 

record. , . 

Referring to Figs. 8A-8G, a single use device of the 
present invention is shown. Specifically, device 20 is 
3 0 formed of a readily moldable hard plastic material (wxth 
a clip 22) to prevent damage to the test surface present 
within the device, and to ensure appropriate alignment of 
components of the device. The lower surface of the devxee 
is indented at indent 24 such that the test surface is 
raised relative to other internal components (as shown xn 
Fig 8F) , in which a test surface 26 is raised on a pyra- 
midal structure 28. A hinge 30 is provided on the edge 



xs 

35 
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opposite clip 22 to allow raising and lowering of the 
upper half 32 of the device relative to the lower half 34. 

Referring specifically to Fig. 8E, test surface 26 is 
provided in lower half 34 of the device raised on a pyra- 
5 mid 28 as discussed above, such that liquid placed on 
surface 26 may flow from that surface and down pyramid 28 
into an enclosed area beneath plate 36 which has an upper 
surface located at the same height as the containing wall 
38. Plate 36 is attached by a hinge 40 to one side 42 of 
10 lower half 34. Within plate 36 are provided two apertures 
42 and 44 . 

Upper half 32 of the device is provided with a second 
plate 46 which is also attached by a hinge 48 to upper 
half 32 along one edge 50. Two apertures 47 and 48 are 

15 provided within plate 46. Beneath plate 46 is filter 
paper 52 along with a movable plate having a handle 56 
which can be moved, as shown by arrow 58 , from a position 
on the right hand side of aperture 48(1) to a left hand 
position within that aperture (II) . Such movement causes 

20 movement of filter paper 52. 

Referring now specifically to Fig. 8G, plates 36 and 
46 can be removed from their position shown in Fig. 8E by 
rotation about hinges 40 and 44, respectively. Beneath 
plate 36 is a thick filter pad (absorbent) 60 designed to 

25 absorb liquid passing from pyramid 28. An aperture 62 is 
provided within plate 36 to allow plate 36 to fit over 
pyramid 28. Beneath plate 46 is provided filter papers 
52, 54 and 64. Filter papers 52, 54 and 64 are caused to 
move from the left to the right relative to hinge 48 by 

3 0 movement of handle 56 from position I to II in Fig. 8E as 
noted above. Apertures 42 and 44 are provided within 
plate 36 to cooperate with handle 56 when it is in both 
position I and position II so that device 10 can be closed 
during use of the device. Specifically, the exposed level 

35 of filter paper 52 is such that when the device is closed 
the surface of filter paper 52 contacts the surface of 
test device 26, and absorbs liquid on that surface. 



SUBSTITUTE SHEET 



PCT/US93/05673 

WO 94/03774 



68 



Movement of handle 56 (and the attached plate «> ™ 
a ne „ portion o£ filter paper 52 to be available for 
contact with teat surface 26 when the device is closed 

5 a9ain T his device can be manufactured using standard 
procedures. Specifically, once the plastic «J*»«*" 
Len formed, filter papers 52, 54 and 64 can be placed 
within the upper portion of the device and plate ,4* 
secured over those papers to hold them within upper 
10 portion 32. Similarly, filter paper 60 can be . secured 
within lower portion 34 by securing plate 36 Both plates 
36 and 46 are provided with a plurality of small extru- 
sions along their edges (not shown) which 
mate with a lip portion 69 and 70. respectively, to hold 
15 those plates in place. Also provided is a shelf 72 within 
upper portion 32 to allow plate 46 to rest on the shelf 
and to allow movement of filter papers 52. 54 and 64 
within the inner space 74. Ko such shelf is necessary in 
1C wer portion 34 since the filter material 
20 thick, and no movement of that filter is required 

surface 26 is readily attached to pyramid 28 by adhesive, 
or other means. 

Referring to Fig. 10, there is shown a method by 
2 5 which device 20 may be used in a method of the present 
invention, specifically, in step 1 a sample is obtained 
and treated in an appropriate manner to prepare for appli- 
cation to the test surface, such application is P«*"£ 
with the device open. In step 2 the sample is allowed to 
30 incubate so that any analyte present in the sample can 
Let with the receptor layer. At step 3 the samp le is 
washed from the test surface and the excess liquid allowed 
to flow into the filter below the pyramid holding the test 
device.' At this stage the position of the upper filter 
35 material is at I. In step 4 the device is closed and 
latched so that the filter may blot the test surface. In 
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step 5 an appropriate substrate is added, allowed to 
incubate and then again rinsed as above. At this point, 
the upper filter material is moved from position I to II, 
and the device again closed to allow the test surface to 
5 be dried. At this point, the device is again opened and 
the result can be read. 

Multi-test Device 

Referring generally to Figs. 9A-9E, and 11, a device 
which will examine a single sample for multiple analytes 

10 incorporates many of the features of the single use 
device. The device's first position exposes a number of 
test surfaces, each uniformly coated with a different 
receptive material. The device has the test protocol 
imprinted on the upper surface to assist the end user. 

15 Any number of test surfaces may be mounted into the 
device, but five independent assays are very easily 
accommodated. Sample is applied to each of the test 
surfaces and incubated. Following the incubation period 
the test surfaces are rinsed with water. The test 

2 0 surfaces are mounted over a sloping trough which will 
drain the rinse solution and excess sample into an 
adsorbent pad in the bottom of the device. The lid is 
lifted and advanced to a second position. This brings a 
blotter pad into contact with each test surface to dry 

25 them as described in the single use device. The lid is 
lifted and the test surfaces are exposed once again. As 
with the single use device the test may be ready for 
interpretation at this point, or may require additional 
incubation/rinse/dry cycles. The device is easily 

30 extended to accommodate the required number of steps. 
This type of device would be particularly useful for 
screening patients for drugs of abuse, allergy screening, 
meningitis screening, sexually transmitted diseases, TORCH 
panels, and the like. The test protocol is fairly simple 

35 and would be well suited to physician office, clinical or 
reference laboratory testing. Field use would be possible 
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when urine or whole blood is the sample. to be screened 
For this example it was assumed that each reactive test 
surfaoe was presented in the device as a separate 0 75 cm 
teat piece uniformly coated with receptive material. It 
5 is possible to apply each receptive material in discrete 
lines or spots across the surface of a test piece The 
test device would then approach the size of a single use 

It is also possible to design a device with multiple 
10 pedestals which very closely approximates the single use 
device, in this case the living hinged lid would contain 
ports which are positioned precisely above each test sur- 
face mounted on a pedestal. The wash solution and excess 
sample could be collected in an absorbent pad surrounding 
15 each pedestal or could flow through a porous solid 
pedestal support to a reservoir below. 

The optical substrate or support may be cut to any 
size desired, thus, the reactive test piece may be any 
size required. A uniformly coated test surface could be 
20 of sufficient size that a standard microtiter well format 
could be designed. The wells provide a reservoir for 
sample application without cross contamination and exploit 
existing EIA assay automation technologies. The test 
device could be a simple plate, of any size, spotted with 
25 receptive material at pre-set x,y coordinates such that 
sample application is driven off of these ^or^es^ 
Cross-contamination between samples could be controlled by 
hydrophobic wells surrounding the reactive zones, other 
types of physical barriers, or by microspot sampling 
30 techniques. These types of multi-sample, single analyte 
test devices may be adapted to semi -automated or fully 
automated instrumentation, see Figure 12. For batch 
testing, an instrumented rather than eye interpretation is 
preferred. Batch testing surfaces may be dried using a 
35 blotter design, a heat lamp or other such device, or may 
include a forced air or nitrogen drying method. Sample 
residue and contaminated rinse solution could be drained 
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into a reservoir where it is treated prior to disposal. 
Or the excess sample and rinse solution could be drawn 
into a sealed section of the test device. 

Batch or multi-sample devices may be designed in 
5 qualitative, semi -quantitative, or quantitative testing 
formats. Surfaces for batch testing may be any size. The 
size will be determined by the number of controls and 
samples to be performed in a single assay. Automated 
sample handling devices and sample application devices 

10 will impact test surface size. Automated sample handling 
and batch testing applications include screening blood for 
blood banks, as well as those for clinical and reference 
laboratories. These laboratories may require high volume, 
limited testing menus; high volume, large testing menus; 

15 or low volume, large testing menus. The flexibility in 
test surface design allows all of these requirements to be 
met with a single optical detection method. Additional 
sample handling and test device manipulation may be 
required to increase the volume of samples or the number 

20 of tests performed. 

Specifically, referring to Figs. 9A-9E, there is 
provided in diagrammatic representation a multi-test 
device of the present invention. This specific example is 
designed to test for the presence of E. coli, Strepto- 

25 coccus B, Streptococcus pneumoniae, H. influenza and N. 
meningitidis . Generally, this device is constructed with 
a plurality of test devices, namely five test devices, 
100, 102, 104, 106 and 108. The device has an upper slid- 
able cover 110, a lower shelf portion 112 which includes 

3 0 a large thick filter material 114 which is removable from 
section 112 by use of a wire loop 116. Upper cover is 
provided with three series of five apertures 120, 122 and 
124 and with a large rectangular aperture 126. On its 
under surface are provided two absorbent wipes 128 and 13 0 

35 formed of a filter material, and adhesively bonded to the 
lower surface of cover 110. General indicia may also be 
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provided on the surface of cover as shown at 146, 148 and 



150. 



Also provided are a series of three cylindrical 
extensions extending approximately 4 mm from the inner 
5 surface of cover 110, labeled 132, 134, 136. 138, 140 and 
142 The cylindrical extensions are adapted to mate wxth 
spaces 152 provided in the lower portion of portion 112 
such that each row of apertures in the upper cover can be 
specifically positioned over the test devices or other 
0 indicia in lower portion 112, as desired. This movement 
is shown generally in Fig. 9B by arrows 154 and 156. 

Lower portion 112 is further provided with an aper- 
ture 158 located to allow excess liquid on test surfaces 
100 102, 104, 106 and 108 to drain within portion 112 and 
5 to 'be absorbed by filter 114. Lower portion 112 is 
further provided with a series of instructions shown as 
160 which are revealed in turn as cover 110 is moved in a 
stepwise fashion as dictated by the mating of cylindrical 
extensions 132, 134, 136. 138, 140 and 142 relative to 
20 spaces 152 along slidable portion 164 so that the user of 
the device has an indication of what step is needed to 
perform an assay of the invention. The upper and lower 
portions are constructed such that the filter paper 128, 
130 is caused to contact the surface of each test device 
25 at an appropriate time in the assay procedure 

Referring to Fig. 11, there is shown in diagrammatic 
form a method of using the multi-assay device shown in 
Fig 9 (although the extension of the upper portion versus 
the lower portion is not shown specifically) . At step 1, 
30 a sample is collected and appropriate reagents mixed with 
it. The sample is then applied to each test device and 
that device is moved one notch (i^, one cylindrical 
extension is moved along arrow 156 to the next available 
space 152) so that the test surface is available for such 
35 application. m step 2 the surface is again moved such 
that first filter material 130 is in contact with the test 
surfaces. Prior to this step, the test surfaces are 
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washed and that wash solution allowed to "drain through 
aperture 158 to filter 114. After blotting, the device is 
again moved one notch to allow access to the test surfaces 
and substrate is applied. Once more, after appropriate 
5 incubation time, these surfaces are washed, with the wash 
solution draining to filter 114. The upper surface is 
then moved one more notch so that filter 128 contacts the 
test surfaces. One more movement of the two surfaces 
relative to one another allows reading of the results. At 

10 :each step in the process, aperture 126 indicates the step 
that must be taken by the user, and thus prevents 
incorrect use of the device. 

Fig. 12 is a diagrammatic representation of a three 
batch sampling concepts useful in this invention. The 

15 first device (upper part of Fig. 12) includes an optically 
active, analyte reactive test surface #1 prepared as 
previously described. The test surface #1 is fused or 
glued to a plastic device #2 which will create individual 
sample wells #3 . The final device will be configured and 

20 handled in precisely the same fashion as a 96 well micro- 
titer plate. This configuration of the test surface #1 
could be easily adapted to any commercially available 
microtiter based, handling system. 

The second configuration for batch testing is a 

25 device very similar to the single use device and would be 
particularly useful in quick panel screening assays (see 
middle of Fig. 12).. The device in configured to include 
a lid #1 which is hingedly attached by a hinge #7 to a 
bottom container #5. Bottom container #5 holds an 

3 0 absorbent #6 material to contain the excess sample and 
wash solution. Lid #1 contains a blotter #2 which is used 
to dry test surface #4 in the assay protocol. The test 
surfaces are mounted on a pedestal #3 to facilitate the 
washing process. Protective coverings #8 and #9 hold 

35 blotter #2 and absorbent #6 in place within the device. 

The third concept is an optically active, analyte 
reactive test surface #1 which contains reactive areas 
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represented by #2 (see bottom of Fig. 12) . The reactive 
area #2 may be created by spot coating, by selective 
inactivation of the receptive layer, or physical barriers 
between reactive areas. The samples are applied to the 
5 reactive areas (#2) and then the rinse solution and excess 
sample flows out through the drainage port #3. 

in another configuration, the test surfaces can be 
made as a series of longitudinal strips with filter 
material on either or both longitudinal edges, and 
10 arranged to fit within a 96-well configuration. 

instrum entation 

After the sample is contacted with the surface of a 
test device, an instrument can be used to detect analyte 
binding. One such instrument is the Sagax Ellipsometer 
15 (see, U.S. Patents 4,332,476, 4,655,595, 4,647,207 and 
4 558,012, which disclosures are incorporated in full 
herein and made a part hereof) . Alternate instruments 
suited to this technology include traditional null ellip- 
someter., thin film analyzers (see Fig. 14), profile- 

. .„ a) . 6r e tc If the interference film is 
20 meters, polanmeter, etc. ^ 

included in the test surface construction, then a simple 
reflectometer (see Fig. 14) is adequate for quantitation. 

Referring to Fig. 13, there is shown a prior art 
method for detecting interaction of a light with a test 
25 surface. In the prior art, two polarizers were provided 
to allow such detection. Specifically, #1 corresponds to 
the white light source used in this prior art instrument. 
A standard halogen lamp is used to generate the polychrom- 
atic light. The light is incident on the polarizer at 
30 position #2, and is then linearly polarized. The linearly 
polarized light then impinges on the reference surface #3 
which is at 70° with respect to the test surface #4. The 
linearly polarized light is reflected from the reference 
surface (#3) as elliptically polarized light. The light 
35 then impinges the test surface (#4) and is reflected to 
the second polarizer at position #5. The interaction of 
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the light with test surface (#4) inverts the s- and p- 
components of the elliptically polarized light. The 
polarizers at position #2 and #5 are matched and #5 is 
rotated 90° relative to #2. Light which is reflected from 
5 the test surface #4 which matches that reflected from the 
reference surface #3 # will pass through polarizer #5 and 
be completely extinguished at the detector (#6) . If there 
are any differences in the surface properties of surfaces 
#4 and #3, then some residual ellipticity will cause an 

10 increase in intensity to be measured at the detector #6, 
Such an instrument which is useful for analysis of 
thin films and changes in film characteristics is the 
Comparison Ellipsometer described in U.S. Patents 
4,332,476, 4,655,595 and 4,647,207. The optical pathway 

15 of such instruments is shown in Fig. 13, as discussed 
above. This instrument can use a reference surface with 
a wedge of thicknesses across the surface. If thickness 
values are scribed onto the wedge, the thickness of a test 
surface may be determined relative to the wedge. The test 

20 surface thickness equals the wedge thickness at the point 
where light is extinguished at the detector. 

The instrument operates on the basis of comparing the 
degree of elliptical polarization, caused by the reflec- 
tion of plane polarized polychromatic light, between two 

25 surfaces. Incident polychromatic light is collimated and 
plane polarized. The polarized light is reflected at an 
oblique angle from the reference surface, which is a 
reflective substrate with similar or identical optical 
characteristics to that of the test piece. The reflected 

30 light is then elliptically polarized as a result of 
reflection. The elliptically polarized light then 
reflects from the test surface. The test surface and 
reference surface are arranged perpendicular to one 
another such that after reflection from the test surface, 

35 the light is once again plane polarized where the test and 
reference surfaces are optically identical. If their 
thickness and/or refractive indices are not identical, the 
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10 



15 



20 



light retains some elliptical character. The elliptxcxty 
is a function of the refractive index and the thickness 
differences. A second polarizer is then used to filter 
the light, and removes the plane polarized light corre- 
sponding to identical films. *n increase in ^P-cxty 
will result in greater light transmission through the 
second polarizer. Thus, a change in thickness or refract- 
ive index is transformed into a change in light xntensxty 
which may then be measured using conventional technxques. 
By employing the Comparison Ellipsometer in thxs fashxon 
resolution to sk may be achieved. Unlike conventxonal 
ellipsometry, the Comparison Ellipsometer is desxgned to 
allow broad field measurements. This feature allows 
simultaneous measurement of the entire reaction zone. 
Therefore, measurement errors do not arise because of non- 
homogeneous binding or reaction patterns. 

For the applications of this invention, a more useful 
reference surface is one which is uniform. When a test 
surface to be analyzed has all the components for colored 
signal generation for visual interpretation, the reference 
surface must also contain the optical thin film coatxng. 
This additional coating is not required for the xnstru- 
mented analysis. To maximize the signal produced by a 
change in thickness or mass on the test surface, the 
reference standard should be approximately 50 to 100A 
thinner than the test surface, substrate, attachment 
layer, and receptive material. If these two surfaces are 
too closely matched, then a small change in thickness or 
m ass will result in only a small increase in xntensxty 
, relative to the original background intensity. The change 
in intensity for small thickness changes is dramatxcally 
increased when the background intensity is above a certaxn 
minimum or is sufficiently bright. With this reference 
surface all changes in thickness or mass cause a dramatxc 
5 change in intensity of light measured by the detector 
relative to the test surface's initial readxng. The 
change in intensity may reflect an increase in thickness 
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or a decrease depending on the application, see Examples 
8, 12, 13, 16, and 17. The instrumented reading protocols 
are given in Example -21. 

For the analysis of specific binding reactions on a 
5 test surface, a number of modifications greatly improve 
the performance of the Comparison Ellipsometer . The orig- 
inal design relied on the observer's eye for inspection of 
the surface. 

Referring to Fig. 14, there are shown two devices in 
10 which no polarizers are provided, and in which a thin film 
can be analyzed either with a single photodiode, an array, 
or a CCD detector array, or with a ref lectometer a 
photomultiplier detector. 

The detector may be mounted where the eyepiece is 
15 located in the original instrument. It may also be 
mounted at 90° to the side of the light path by incorpor- 
ation of a partially silvered mirror or beamsplitter set 
at 45° to reflect a portion of light to a detector, and 
the rest to the eyepiece for visual alignment of samples. 

2 0 If the mirror is inserted into the optical path, the spot 

intensity reaching the detector will be only a fraction of 
the light available. If the detector is directly in the 
optical pathway without a mirror, 100% of the sample 
intensity reaches the detector. When a beamsplitter and 
25 eyepiece are included in the apparatus, if care is not 
taken, stray light can be introduced which degrades the 
optical signal incident on the detector. 

A photodiode array may be programmed to dedicate 
individual photodiodes to measure the intensity of reac- 

3 0 tion zones or spots, while other photodiode arrays measure 

the background, or control zones. Simultaneous measure- 
ment of the spot intensity and the background intensity 
allows each reading to be accurately corrected for test 
surface background. 
35 Either a linear array or a matrix array may be used. 

A linear array may only measure along one, pre-set axis of 
the sample spot depending on the size and resolution 
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available in the arrays. The matrix array could measure 
the entire reacted spot plus background. 

The instrument may also be modified to include a 
variable magnification function or a zoom to allow differ- 
ent spots to fill the photodiode without capturing any 

background signal. 

Specifically, two such instruments are represented 
diagrammatically in Figures 14a and 14b. The thin film 
analyzer (Fig. 14a) uses a monochromatic light source #1. 
If the light is not sufficiently linearly polarized, then 
a polarizer at position #2 is used to polarize the light. 
Polarizer #2 must be positioned to allow the maximum 
intensity of light to pass through to the test surface #3 . 
By off-setting the initial polarizer a component of light 
polarized perpendicular to the plane of incidence, in 
addition to the light polarized parallel to that plane, is 
allowed to interact with the surface. Light impinges the 
test surface #3 at an angle which is sufficiently removed 
from Brewster's angle, between 50 and 75 degrees off the 
normal. The polarizer/detector is set at the same angle 
from the normal as the incident light source relative to 
the test surface. The polarizer is set from 2° to 15° 
above the setting which aligns the polarizers for total 
extinction of light. Incident angles of 30° to 40° off 
the normal provide adequate resolution of very dilute 
samples, but may not provide sufficient range for all 
applications. The second polarizer, or analyzer polar- 
izer, cannot adequately minimize the background signal 
when the light is incident on the surface at angles 
greater than 65°. However, the dynamic range is suffi- 
cient to allow for electronic reduction in the background 
signal. The light is reflected from the test surface #3 
through the polarizer/analyzer combination at position #4 
prior to being measured at the detector #5 . The detector 
; may be a single photodiode or a photodiode array. A blank 
test surface is placed in the sample position and used to 
align the second polarizer. The second polarizer should 
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be positioned at an angle with respect to the first polar- 
izer such that it is a few degrees off the minimum (maxi- 
mum extinction of light through to the detector) . Thus, 
the background of the test surface produces a low detect - 
5 able signal, but the change in light intensity is now a 
function of the change in thickness. See Example 26. 

The ref lectometer . (Fig. 14b) is a very simple 
instrument which allows measurement of a color change or 
a change in intensity. At position #1 a standard halogen 

10 light source is used. This will provide polychromatic 
light. The light source #1 is positioned relative to the 
test surface #2 such that the maximum intensity of the 
incident light impinges the test surface #2. The detector 
#3 may be a photomultiplier and the like. The angle with 

15 which the light impinges the test surface #2 determines 
the angle at which the detector #3 is placed relative to 
that surface #2, 

Referring to Fig. 15, in one specific example, a 
semi -ref lective mirror was introduced between the zoom and 

20 the ocular at 45°. Within the ocular, suitably positioned 
in the middle of the field and in focus was set a reticle 
of an ellipse. The reticle was selected to match an aver- 
• age sample spot size. On the optical path cehtier line, 
reflected 90° from the principal axis, was set a mask 

25 which matches the size of the reticle. The distance from 
the center of the mirror to the reticle is the same as 
from the center of the mirror to the mask. The mirror was 
mounted by adjusting screws so that the image seen within 
the reticle would be identical to the image appearing 

30 within the mask. Behind the mask, a distance of a few 
millimeters, was mounted a photosensitive cell arranged to 
only read the light which passes through the mask and 
therefore from the selected image. The semi-reflective 
mirror is of a thickness such that a secondary image 

35 appears from the second surface. This is eliminated by 
using a suitably coated thin mylar membrane as the 
beamsplitter . 
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A constant light source, white light or monochrom- 
atic, is provided by using a power supply that has feed- 
back capabilities. A photoresistor is mounted inside the 
original instrument's lamp house/heat sink which monitors 
the light output of the lamp. If the light output changes 
a corresponding resistance change occurs, thereby affect- 
ing the current /voltage sent to the lamp. 

The power supply is set to deliver +15 V DC to the lamp 
while the photoresistor is disconnected. When the photo- 
resistor is connected, it maintains the light output at 
the level that is produced with a +15V source. A constant 
light source is required if the instrument is to be used 
for quantitation. The instrument may also be modified 
with a BNC port that will enable the output of the photo- 
diode detector amplifier to output to an A/D converter 
board in a computer or other dedicated device. The dedi- 
cated device or computer reads the input signal, 
designates/names and stores the input, manipulates the 
named input, i_e,, conducts statistical analyses, etc., 
and prints the input data and any other desired 
calculations derived from the input. 

Specifically, Fig. 15 is a diagrammatic representa- 
tion of a modification of the prior art instrument shown 
in Fig 13. A constant power source is used at position 
#1 The power source supplies both the white light source 
#2 and the detector #12. The white light source is a 
standard halogen lamp and provides polychromatic light. 
As previously described the light passes through a polar- 
izer at position #3 and is linearly polarized. Polarizer 
30 #6 is matched and crossed relative to the polarizer at 
position #3 . The reference surface #4 and the test sur- 
face #5 are as previously discussed. In this instrument, 
when light passes through polarizer #6 it then impinges a 
beam splitter at position #7. This beam. splitter spirts 
the light such that a portion is received at the detector 
#12 and a portion is received at a CCD camera at position 
#11 CCD #11 allows the user to locate and position the 
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test surface #5 in the center of the instrument's field of 
view. The light which is split to the detector impinges 
a mask at position #9. The mask is matched to the reticle 
at position #10 such that when the sample spot on the test 
5 surface #5 is precisely centered in the reticle #10, the 
light which passes through the mask #9 to the detector #12 
is reflected only from the sample spot. A zoom at posi- 
tion #8 assists in the positioning of the sample spot 
relative to the reticle. 

10 The optical path used for the comparison instruments 

described above are larger than desired for a number of 
applications. It is possible to reduce the optical path 
with the following modifications. Because light emitted 
from a laser source (gas laser or laserdiode) , is already 

15 collimated and polarized, the collimating lens system can 
be simplified or eliminated. A linear polarizer is placed 
very close to the light source. This polarizer may not be 
necessary because the laser is often polarized. The 
reference surface is placed at 60°-70° relative to the 

20 sample surface. The planes of incidences of the reference 
and sample surfaces are orthogonal to each other. The 
analyzer polarizer is oriented so that maximum extinction 
occurs for two identical surfaces placed at the reference 
and sample positions. It is important that both polar - 

25 izers are placed with their faces perpendicular to the 
light beam. Any suitably small detector and electronics 
may be used for signal collection, handling, and storage. 
For high accuracy, polarizers should supply greater than 
10 5 extinction, see Figure 16. Polarizers are built into 

30 the face of the light source and detector and are not 
labeled on the figure. •? 

The thin analyzer eliminates the reference surface 
requirements of the previous instrument and is easier to 
reduce in size. The comparison based instruments require 

35 that a specific reference surface be designed for each 
type of test surface to be used. This limits the range of 
optical substrates and optical thin films which are com- 
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patible with a given instrument, unless means for changxng 
the reference surface is provided. This new instrument 
easily accommodates any combination of thin film and opti- 
cal substrate using a simple adjustment of the analyzer. 
; The instrument may provide better thickness resolution. 
This instrument and the modified Comparison Ellxpsometer 
may be powered with a 9V battery or other rechargeable 
power supply. This prototype supplies an increase, 
numerical aperture, image brightness and focus Thxs 
3 allows a much higher level of magnification to be used 
which is important for work with smaller spot sues 
Samples may also be applied much closer to one another 
than is possible with the Comparison Ellxpsometer. 

Specifically, Fig. 16 is a diagrammatic representa- 
5 tion of an improvement in the prior art instrument ^ of Fxg. 
13 in this case a monochromatic light source #1 is used. 
A compact laser is used. A polarizer is positioned xmme- 
diately adjacent the light source at posxtxon #1. The 
lens system used in the prior art instrument to supply 
!0 visual inspection of the test surface #4 in Fig. 13 xs 
eliminated which allows a decrease in the total optical 
pathway to be achieved. The test surface rests and is 
positioned with the sample platform at position #2. Lxght 
Lpinges the reference surface #3 and is elliptxcally 
25 polarized as discussed for the prior art instrument of 
Fig. 13. The light reflects from the reference surface #3 
to the test surface positioned on the sample platform #2. 
A small electronics control unit (#4) is incorporated to 
supply a constant power source and to control the detector 
30 #5. A single photolode is used as the detector #5 The 
dial at position #6 is used to move the sample platform #2 
and controls the position of the test surface. The sample 
platform #2 has pre -determined stops which will alxgn a 
sample spot with the detector #5. The sample spot xs 
35 positioned and the detector #5 masked such that only 
signal from the sample spot is measured by the detector. 
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A second polarizer is placed immediately, in front of the 
detector #5. 

Fluorescent Methods 

A further instrumented embodiment that these optic- 
5 ally active substrates , or solid supports, can address is 
a reflective fluorescence method. The fluorescence may be 
generated in an immunoassay, an enzyme assay, a nucleic 
acid assay in a homogeneous, heterogeneous, competitive, 
or direct format. Signal generation is not dependent on 

10 the film thickness in this method, however, the method 
does double the pathlength of the exciting incident light 
as well as improves the collection efficiency at the 
detector. The optically active substrate, or solid sup- 
port, may be any polished reflective material, such as a 

15 silicon wafer. 

In standard fluorescence spectroscopy, the exciting 
light passes once through the sample, see Figure 17. When 
a reflective substrate is used excitation of the fluores- 
cent species occurs at the point of incidence and at the 

20 reflection point. Generally, emission (fluorescence) is 
detected 90 degrees off the axis of excitation, even 
though fluorescent radiation is emitted in all directions, 
primarily to simplify the detector design. For example, 
with a point detector, excitation energy should not be 

25 allowed to strike the detector. Gratings are frequently 
used with the excitation source, and the maximum fluor- 
escence may not be shifted far enough to be distinguished 
from the excitation wavelength. This is required to 
reduce the effects from the high intensity excitation 

3 0 source and scattering from the solution and the cell 
walls. With a reflective substrate, the detector and the 
incident light are at equal angles from the normal. 

Attempts have been made to increase fluorescent assay 
sensitivity by increasing the number of passes of the 

35 exciting light through the sample. This approach requires 
more complicated optics for focussing, a high output light 
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source, and large collection optics. This method also 
tends to increase the background fluorescence from the 
cell and interfering or inherent biomolecules . An 
increase in sensitivity may also be achieved by increasing 
the sample volume and/or the optical pathlength. The 
method of the current invention provides an increase in 
sensitivity without the complications observed with these 
methods . 

British patent GB 2 065 298 A describes a fluorescent 
assay which uses a reflective metal substrate generated by 
an evaporation process. The capture layer uses a specif- 
ically reactive biological particle for the binding of 
analyte and then a third biological species which is bound 
to the fluorescent label. The metal substrate is posi- 
tioned to redirect the exciting particle toward a trap 
(multiple reflections) and away from the detector. 

This patent positions the photon counting system a 
distance from the substrate to allow the exciting parti- 
cles to be reflected by the metal surface toward a dark 
enclosure. The enclosure will absorb all the photons that 
hit it which reduces the noise at the detector, while more 
induced signal from the substrate will travel to the 
photon counting system due to the reflection. The analyte 
is reacted in a humid incubation. 

For this approach, there must be nothing in the path 
of the exciting photon which starts from the light source 
and ends at the wall of the dark enclosure except the 
highly reflective metal surface and the biological 
particles. With the incident angle being equal to the 
reflecting angle and the signal detecting system being 
perpendicular to and at some distance away from the 
substrate, the exciting particle will not be scattered 
toward the detecting system. 

The current invention relies on an attachment layer 
35 between the reflective substrate and the receptive, bio- 
logical layer. This polymeric layer between the substrate 
and the biological layer does not impact the generation of 
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the fluorescent signal. The attachment layer may be 
selected from any of the following chemicals: dendrimers, 
star polymers, molecular self -assembling polymers, poly- 
meric siloxanes, and film forming latexes. The method for 
5 production of these surfaces is described in Example 5. 
The reflective substrate or support (optically active 
surface) may be selected from monocrystalline silicon, 
glass/amorphous silicon composite, a metal, a ceramic, 
polycrystalline silicon, a plastic/amorphous silicon 

10 composite, and composites of these materials. Methods for 
the production of these materials is described above. 
This method doubles the excitation pathlength without 
doubling the volume of sample. In addition, coating the 
reflective substrate with a material anti-reflective to 

15 the exciting light eliminates the noise frequently 
associated with fluorescent methods but still allows 
excitation because extinction occurs at the air/film 
interface only. Suitable materials include silicon 
nitride, silicon/silicon dioxide composites, silicon 

20 oxynitride, titanium dioxide, titanates, diamond, oxides 
of zirconium, and silicon carbide. The material and the 
thickness of the material are selected to suppress light 
of the exciting wavelength. The exciting wavelength 
selected is dependent on the specific dye (f luorophore) or 

25 label used. These materials are produced as described 
above. Steeper angles of incident excitation help reduce 
the amount of exciting light which reaches the detector. 

Any number of fluorescent molecules could be utilized 
in this embodiment. Fluorescent molecules such as xan- 
.30 thene dyes which includes fluoresceins, rhodamines, and 
rosamines are suited to this application. In addition the 
amino and carboxylic acid or isothiocyanate substitutes of 
these dyes are also suitable. Napthylamines such as 1- 
dimethylaminonapthyl - 5 - sulfonate, 1 - anilino - 8 - 

35 napthalene sulfonate, and 2 - p - . toluidinyl- 6 - nap- 
thelene sulfonate are also useful. Conjugation protocols 
for these compounds to biological molecules are well known 
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to those skilled in the art. The label may be attached to 
a secondary antibody, to an enzyme substrate, to a nucleic 
acid probe, or any suitably selective and specific 
receptive material, for the analyte of interest. 

in the current invention, the optically active or 
reflective support, with or without the optical coating or 
AR film, would be coated with a suitable polymer. The 
polymer layer would then be coated with a receptee 
material specific to the analyte of interest, i^, an 
antibody. The biologically reactive, reflective substrate 
would be contacted with a sample suspected of containing 
the analyte of interest and incubated for a period of time 
sufficient to bind the analyte to the surface. The 
analyte may be mixed with the secondary receptive material 
labeled with the fluorescent material simultaneous wxth 
contact to the surface or sequentially. In either case, 
the label is then immobilized to the surface through the 
analyte bridge. The immobilized label is exposed to the 
exciting light source and the detector will measure the 
level of fluorescence. The amount of fluorescence may be 
measured directly, inversely, or indirectly related to the 
concentration of the analyte of interest. Similar schemes 
for detection of enzyme activity or nucleic acids maybe 
readily derised by those skilled in the art. The light 
source and the detector can be selected from any combina- 
tion of standard fluorescent optical components. 

?vnalvtes 

Cfrppt-nCOCCUS 

Group B Streptococcus (CDS). Streptococcus 
agalactiae, is the leading cause of neonatal and maternal 
morbidity and mortality. Neonatal infections include 
sepsis and meningitis, while post-partum the organism 
causes endometritis, chorioamnionitis , and sepsis. For 
the neonate, the early-onset disease occurs between birth 
and the following week. The disease is characterized by 
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respiratory distress, sepsis, and shock. There are 
between 1.9 to 3.7 cases per 1,000 live births in the U.S. 
alone, with a mortality rate of 26% to 50%, and 30% of the 
infected infants developing meningitis. Of the latter 
5 group, 50% will suffer permanent neurological damage. 
Infection with GBS accounts for approximately 2,000 
neonatal deaths per year and is estimated to cost the U.S. 
alone over $500 million per year in health care. Direct 
correlation of maternal cervical/vaginal carriage of GBS 

10 and infant infection has been demonstrated. 

GBS also causes a late onset disease that occurs 
within the first 3 months following birth. The illnesses 
in these cases are characterized by central nervous system 
disorders, meningitis, and bacteremia. There is an 

15 approximately 20% mortality rate for infants with these 
diseases. 

Maternal colonization is primarily cervical/vaginal 
and anorectal. Between 5% and 30% of pregnant women will 
be colonized with GBS. Maternal colonization may account 

20 for preterm delivery, prolonged labor, premature membrane 
rupture, intrapartum fever, low birth weights, as well as 
the early-onset diseases. Treatment of the mother, pre- 
delivery, greatly improves the neonatal outcome and can 
eliminate the vertical transmission of GBS. However, 

25 diagnosis of maternal GBS colonization and subsequent 
treatment may not eliminate vertical transmission if the 
diagnosis/therapeutic program is to early in the pregnancy 
due to frequent recolonization of the mother. Early 
diagnosis does identify neonates that may be at risk for 

30 GBS infection. But there is a documented need for the 
rapid, sensitive and accurate diagnosis of GBS at the time 
of delivery. If such a diagnostic tool were available, 
prophylactic treatment of the mother could begin at the 
onset of delivery and for the infant at birth. This has 

35 been demonstrated to singif icantly reduce the risk to the 
neonate . 
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GBS consists of 5 serotypes. These are designated 
la lb IC II, and III. All 5 serotypes have been impli- 
cated 'in clinical infections. All 5 serotypes contain a 
group specific polysaccharide which is unique in addi- 
5 tion, they also contain antigens which uniquely identify 
the serotype. As the group specific polysaccharide 
identifies all the serotypes, this antigen has been the 
focus of immunological methods for the identification of 
GBS The -gold standard- for GBS diagnosis remains 
10 culture identification. This process can require between 
24 and 72 hours for accurate identification of GBS 
High risk pregnancies frequently complete delivery long 
before the culture results are available. 

There are a number of different immunological tests 
15 commercially available for the detection of GBS. Clinical 
evaluations of these methods demonstrate clinical sensi- 
tivities that range from 12% to 92.3%, with an average 
clinical sensitivity of 50% to 60% Analyt ical sensi- 
tivities reported range from 7.6 x 10* to 2.1 x 10 cells. 
20 While these methods provide a rapid diagnosis, they do 
not have the required sensitivity to address the clinical 
need for timely identification of GBS. 

For example, WO 9219969, describes an assay for GBS 
where the solid support is coated with a monoclonal anti- 
25 body which specifically interacts with one epitope of the 
group B specific polysaccharide, the trirhamanose epitope. 
A polyclonal antibody specific to a mono-rhamnose epitope 
is conjugated to a signal generating label. The analyti- 
cal sensitivity of the method is set at 3 x 10 cells. 
30 Sensitivity is only obtained through the stringent select- 
ivity of the capture agent. The method concentrates only 
on the dominant epitopes of GBS. The "antigen capture 
agent has an affinity for specifically binding to tri- 
rhamnose epitope of GBS polysaccharide antigen" and this 
35 antigen capture agent is further characterized as being 
able to interact with the trirhamnose epitope m an 
exclusive or at least dominant fashion such that any 
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interaction between this capture agent and other compo- 
nents of group B streptococcus polysaccharide antigen is 
at the very least low or negligible ( i.e. , the interaction 
with the trirhamnose epitope is specific enough for the 
5 purposes of detection and/or diagnosis of GBS polysac- 
charide antigen or GBS infection) " . The assay requires 
that the swab be placed in a receptacle coated with the 
antigen capture agent. The receptacle has a very high 
area/volume ratio. Antigen is extracted from the swab 

10 using an acid extraction protocol requiring 5 to 20 
minutes. Buffer containing Tris and Tween is then added 
and the swab removed. An antigen marker agent is added 
and the mixture incubated for an additional 10 to 15 
minutes. The receptacle is then thoroughly washed, and a 

15 substrate added for 10 to 20 minutes. The reaction is 
then stopped and the result read by spectrophotometry. 

The method for detection of GBS described in the 
current invention achieves the sensitivity required in 
under 3 0 minutes. The test result is easy to interpret 

20 and is suited to bedside or delivery room use. The 
optical test surface of this invention provides improved 
sensitivity due to the unique attachment layer and works 
well with any group specific polyclonal or monoclonal 
antibody. The antibodies do not need to exhibit different 

25 epitope specificity to achieve the clinical sensitivity 
needed. Antibody preparations which are a combination of 
varying specificities and affinities for the GBS antigen 
work well on both sides of a sandwich format. However, 
antibodies with differing epitope specificities are useful 

30 in the current invention. 

Chalmvdia 

Chlamydia trachomatis is an obligate intracellular 
organism which must be cultured in living cells, i.e. . 
tissue culture. Chlamydia has 15 serovars and primarily 
35 causes human ocular and genital diseases such as trachoma, 
conjunctivitis, lymphogranuloma, venereum,, non-gonococcal 
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urethritis, and proctitis. There are approximately 3-4 
million cases of Chlamydia in the U.S. annually. Only 
very specialized laboratories can successfully culture 
Chlamydia but the yields are low and contamination prob- 
lems are high. Storage conditions effect the viability of 
the organism for culture. The recommended culture 
protocol involves inoculating cycloheximide treated McCoy 
cells, a blind passage, and fluorescent staining of the 
inclusion bodies. Vortexing and sonication of the sample 
prior to inoculation increases the positive culture yield. 
Sampling should include cells and mucus surrounding the 

sampling site. 

in addition to culture techniques a number of direct 
immunofluorescence and ELISA methods have been developed. 
These techniques provide inadequate sensitivity to detect 
patients with low levels of Chlamydia infection or for 
individuals that are asymptomatic. An overall sensitivity 
of 44% relative to culture has been reported for samples 
containing less than 100 IFU, inclusion forming units. 
Available methods demonstrate a sensitivity of 82% for 
samples with greater than 100 IFU. 

Many gram negative bacteria also produce organism 
specific lipopolysaccharides (LPS) similar to the one 
produced by Chlamydia. Detection and identification of 
the organism may be made based on the immunological reac- 
tions of this antigen. Organism specific polysaccharides 
may also be useful. Gram negative bacteria include but 
are not limited to Chlamydia psittaci, B. coll, Pseudo- 
monas fluorescence, Azotobacter vinelandii, Aerobacter 
aerogenes, Neisseria gonorrhoea, Treponema pallidus, 
Micrococcus pyogenes, Shigella, Hydrogenomonas species, 
Salmonella, Hemophilus influenza, Campylobacter, 
Heliobacter, and Legionella. 

U.S. Patent 4,497,899 describes an assay based on the 
35 non-specific adsorption of antigen to a bare solid support 
such as silica, silicone, glass, metals, or plastic beads. 
There is no chemical or immunological binding of the anti- 
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gen to the solid support. The assay protocol involves 
mixing the beads with sample which has been lysed to 
liberate the antigen. Following adsorption of the antigen 
to the beads, the beads are rinsed and transferred to a 
5 new carrier. An antibody specific to the Chlamydia anti- 
gen is added and incubated for a period of time, and then 
the beads are rinsed. Another antibody specific to the 
anti -Chlamydia antibody which is conjugated to the signal 
generating label is then mixed with the bead and incu- 

10 bated, followed by a rinse step, and then incubation with 
the substrate. 

U.S. Patent 4,497,900 describes an assay for 
Neisseria gonorrhoea using a bare solid support for non- 
specific antigen adsorption. The solid support is a bare, 

15 untreated, uncoated support preferably of a hydrocarbon 
polymer, polystyrene, silica, silicone, glass, or metals. 

U.S. Patent 4,959,303 describes a method for the 
detection of gram negative bacteria. The solid support 
used is free of any specific binding proteins, and is 

20 essentially protein free. The solid support is a bare, 
hydrophobic support which may possess a positive charge. 
The assay protocol requires that the antigen be mixed with 
an anti -Chlamydia antibody which is non- specif ically 
captured on the surface. An antibody specific to the 

25 anti -Chlamydia antibody and is conjugated to the signal 
generator is then added, followed by substrate, and then 
detection. The support maybe any bibulous, non-porous 
water insoluble material. 

U.S. Patent 5,030,561 modifies the above approaches 

30 by using an amidine modified latex particle or polystyrene 
as the solid support. The antigen adheres to the support 
non-specif ically and the particles are used for separation 
of the solid phase from the liquid phase through filtra- 
tion. The membranes used in the filtration process must 

3 5 be washed with surfactant and casein prior to their use in 
the assay. Substrate visualization occurs at the 
membrane . 
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U.S. Patent 5,047,325 details a method for the 
detection of Chlamydial and Gonococcal antigens using a 
bare or coated solid support which is positively charged. 
Suitable solid supports include glass, cellulose, and 
5 certain polymers. The positive charge is preferably a 
quaternary salt which will maintain its charge over a wxde 
P H range. The support provides an additional source of 
non-specific antibody capture which must be eliminated by 
washing the surface with a cationic surfactant. Samples 
10 must be pre-filtered to remove cell debris. 

U S Patent 5,075,220 uses a polymeric support with 
cationic surface groups to assist in an ionic interaction 
of the LPS antigen with the solid support. The support 
should be free of any antibody or other biologxcal 
15 compound prior to reaction with the antigen. 

The Chlamydia assay of this invention uses a solxd 
support coated with a polymeric siloxane which creates a 
hydrophobic surface capable of non-specif ically capturxng 
LPS or similar antigens. This approach will work for 
20 identification of any LPS source. Surprisingly, it has 
been found that the best, most uniform reaction is 
observed when a low amount of non-specific biologxcal 
material, either antibody or other protein, is coated onto 
the hydrophobic surface prior to antigen capture. This 
25 additional coating process may also be of use in assays 
which use EIA, FIA, or RIA detection techniques. In the 
method of this invention, the non-specific biological 
layer promotes uniform adhesion of the precipitating 
substrate system. Any system which relies on the combxna- 
3 0 tion of a solid support, particularly a hydrophobic 
support, with a precipitating substrate system could 
benefit from this observation. 

RSV 

Respiratory Syncytial Virus (RSV) , a myxovxrus, is 
35 associated with severe lower respiratory tract illness m 
infants and children. In adults, RSV usually causes a 
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mild, afebrile, upper respiratory tract infection. In the 
first six months of childhood, the organism is responsible 
for 32 to 75% of all bronchiolitis and 3 to 39 % of pneu- 
monia. These illnesses are often life threatening. The 
5 organism has also been associated with other types of 
acute febrile respiratory diseases, such as bronchitis and 
pharyngitis. The organism may be detected in nasal/ 
pharyngeal secretions by culturing the sample prior to any 
freezing or exposure to elevated temperatures. The sample 

10 is used to inoculate HeLa or Hep2 cells and requires 3 to 
14 days to obtain a result. RSV outbreaks occur in late 
fall/early winter and late winter/early spring and last 3 
to 5 months per episode. 

An early viral diagnosis allows physicians to infer 

15 patient prognosis and confirms the etiology of respiratory 
diseases. Three types of diagnostics have been used for 
confirmation of viral illness. First, culture isolation 
followed by a confirmation protocol. Second, serological 
assays for the detection of host response to the viral 

20 infection, and third, direct viral antigen detection. 

Culture methods for RSV involve collection of a 
specimen and mixing the specimen with glass beads. 
Tracheal secretions and bronchoalveolar lavage specimens 
are routinely used. The beads are used to disrupt the 

25 specimen cells by sonication or vortexing to disperse the 
virus into the transport media. An aliquot of this is 
used to inoculate the cell cultures. Confirmation tests 
used include complement fixation and neutralization. 

Serological assays rely on host response to the 

3 0 virus, i.e. . rely on IgG production. However, the IgG may 
not be produced for two or more weeks and may persist for 
months to years following infection which complicates 
diagnosis. Direct antigen detection methods are more 
diagnostic of active infection, but for RSV are signifi- 

3 5 cantly less sensitive than culture/confirmation tech- 
niques. Direct detection methods have included immuno- 
fluorescence, electron microscopy, ELISA, and culture. 
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HIV 



10 



15 



The Human Immunodeficiency Virus (HIV) has several 
characteristic markers including gp41, gpl60, gpl20, p66, 
P 24 and plB . The P 24 peptide is one of 4 nucleocapsid 
proteins comprising the core of HIV- I and has a molecular 
weight of 24,000 daltons. The selective infectivity of 
the HIV virus is accounted for by the gpl20 antigen, while 
gp41 is required for viral entry into the host cell. 
Current screening assays rely on detection of host 
response, U, antibody production, to one or more of 
these markers. Existing immunoassay methods do not pro- 
vide sufficient sensitivity for direct antigen detection. 

Currently, final confirmation of HIV infection is 
based on Western (immunoblot) blotting techniques. These 
tests are costly and technically demanding, as well as 
difficult to interpret. Performance of this method under 
field conditions is usually inferior to that of reference 
laboratories . Western blots are designed to detect one or 
more of the viral core gag proteins pl7, p24, or P 55; one 
or more of the polymerase proteins p31, p51. or P 66; and 
one or more of the envelope proteins gp41, gpl20, or 
gpl60. The Red Cross requires three positive bands, one 
in each group. The CDC recommends at least 2 positive 
bands including P 24, gp41, and gpl60/120, while the FDA 
recommends that P 24, P 31, gp41, and/or gpl20/160 be 
positive to report a positive result. 

The current invention provides a suitable optical 
platform for the detection of host response to one or more 
of the HIV specific antigens. Antigens may be presented 
30 on the surface in combination or individually. 



20 



25 



35 



He patitis Virus 

Clinically, the various forms of viral hepatitis are 
difficult to differentiate. Therefore, serological tests 
are required for the diagnosis of causative agent. Five 
separate viruses have been associated with hepatitis. 
They are designated A, B, C, D, and E. Originally 
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Hepatitis C was designated non - A, non B . Recently, a 
non - A, non - B like hepatitis has been postulated. 
Hepatitis A and E are transmitted by the fecal/oral route 
and cause acute infections. Hepatitis B, .C, and D are 
5 transmitted by the parenteral route and cause both acute 
and chronic infections. HCV is responsible for most post- 
transfusion hepatitis. Many HBV infected individuals are 
asymptomatic and are infective. HBV infection has been 
linked with liver cirrhosis and cancer. A review of the 

10 serological diagnosis of hepatitis is presented in 
Postgraduate Medicine, volume 92, pp. 55 - 68, 1992. 

Each form of hepatitis possesses (Ags) antigens 
unique to that form of the virus; HAV has the HAVAg; HBV 
has surface antigen (HBsAg) , core antigen (HBcAg) , and an 

15 internal component of the nucleocapsid (HBeAg) ; HCV has 
C100, 5-1-1, C22-3 (core), C33c (core), with the N- 
terminal of the core peptide being the major antigenic 
region of the core antigen; HDV has the delta antigen and 
will frequently test positive for HBsAg; and HEV has not 

20 been well characterized. The form of hepatitis may be 
determined based on antigen detection or host antibody 
response. Because of the sensitivity required for direct 
antigen detection, current diagnostic assays detect anti- 
body response to specific antigen/s. Host response may 

25 produce IgM and/or IgG and differentiation of the antibody 
response may be required to establish the active state of 
infection. For example, IgM anti-HAV indicates an acute 
infection, while IgG anti-HAV indicates previous 
infection. 

30 The current invention provides a useful platform 

detection technology for diagnosis of hepatitis. A combi- 
nation of antigens can be immpbilized on the test surface 
to detect host response to those antigens. The surface 
panel can detect a combination of antigens specific to one 

3 5 hepatitis virus, e.g. , HBV, where the surface can be 
coated with one or more of the following: surface antigen, 
core antigen, or the e antigen. Or the panel can be 
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coated with one or more antigens which discriminate 
between HAV, HBV, HCV, HDV, and HEV using a single sample. 
Such a screening test can be developed in either the 
visual, qualitative format or in a fully automated, 
5 instrumented format. Antibody detection can be 

specifically tailored for igG, igM, or both. 

The following examples illustrate various procedures 
by which test devices of this invention can be optimized. 
They also provide examples of particularly useful combma- 
10 tions of each surface layer described above for use with 
instruments or eye-read results. Those in the art will 
recognize that these procedures can be used to optimize 
equivalent test devices to produce those useful in this 
invention. 

15 PvaMPT.E l T -n-iffuse Surface 

Silicon wafers lapped with varying particle sizes to 
produce varying levels of diffuse refection, were coated 
with silicon nitride to a thickness of SObA and refractive 
index of 2.0 to produce an AR wafer. This produces a gold 

20 interference color. The wafers were initially inspected 
for the amount of reflectivity observed, or for the 
remaining specular characteristics. These wafers were 
then coated with an aminosilane as described below, and 
then antibody coated with an anti-Strep A polyclonal 

25 antibody. , 

Test surfaces were chemically activated by applica- 
tion of N -(2-aminoethyl)-3-aminopropyltrimethoxysilane by 

the following procedure: 

1 The AR wafers were oxygen plasma etched for five 
30 ' minutes in a vacuum at 0.7 Torr oxygen pressure 

wit h a plate current of 175 D.C. milliamperes 
- and 250 RF watts. 
2 . The wafers were placed in a quartz rack and 
inserted into a vacuum desiccator with a vessel 
35 containing 5 microliters of N- ( 2 - aminoethy 1 ) -3- 

aminopropyltrimethoxysilane. The vacuum was 
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evacuated to 0.06 Torr for 30 minutes. The 
temperature of the desiccator was raised to 100 
degrees over the course of one hour to complete 
the vapor phase deposition of the aminosilane. 
5 3. 20 micrograms/ml of a polyclonal anti-Strep A 

preparation in 20 mis of PBS (phosphate buffered 
saline), 10 mM potassium phosphate, 0.8% NaCl, 
at pH 7.2) , and 1% by volume glutaraldehyde were 
combined to form the receptive material solu- 
10 tion. The wafers were placed in a petri dish 

and the receptive material solution was added. 

4 . The wafers were incubated at room temperature 
(about 20 °C) in an agitation bath for 15 hours. 

5. Following incubation, the wafers were rinsed 
15 with deionized water to remove the unbound 

antibody. 

6. The surface was incubated in a stabilizing 
solution and incubated for one hour in an 
agitation bath. The stabilizing solution was 

20 made of 2 ug/ml acid hydrolyzed casein, 1% (v/v) 

glycerol and 2% (w/v) sucrose in PBS. 

7. Following the stabilizing process, the surface 
was rinsed with deionized water and then dried 
under a stream of nitrogen. 

25 The wafers were then reacted with samples containing 

varying levels of Strep Group A antigen and a latex secon- 
dary reagent, described in Examples 14 and 15, by incuba- 
tion for 2 minutes at room temperature. The slides were 
rinsed with deionized water and dried under a stream of 

3 0 nitrogen. No difference was observed in the amount of 
silane incorporated or antibody attached. 

The results are shown in Tables 1 and 2, and demon- 
strate that suitably non-specular surfaces allow viewing 
at any angle and with a higher sensitivity than a specular 

35 surface. 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 




1120-40 
licron 



98 
Table 1 



average jDek-tak® bek-tak® |comments 
Particle Separation 1RMS 
Isize 



115 

nicron 



20 micron 2995 



|30 
licron 



I/A 



Diffuse, no 
angle depend- 
ence , color 
|clear at all 

viewing angles 



l/A Diffuse, mmi- 

lal specular 
[character, low 
angle depend- 
ence , color 
:onstant at 
nost viewing 
lgles 



10 



40-60 
icron 



150 . 
licron 



l/A 



I/A 



ess diffuse, 
more specular 
character, more 
viewing angle 
dependence , 
color starting 
to show angle 
dependence 



80-100 
micron 



190 
licron 



to micron 



L779 



Slightly dif- 
fuse, very 
specular, 
strong angle 
dependence, 
color varies 
with viewing 
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Table 2 

Visual Interpretation of a Strep A Assay on Different Lapped Wafer Surfaces 
Concentration of Strep Group A Antigen 



Wafer 


0.000 0.008 


0.016 


0.032 


0.064 


0.128 


0.250 


0.500 


1.000 


15 micron 


Trace 


+ 


+ + 


+ + • 


+ + + 


+ + + 


+ + + + 


+ + + 


30 micron 




Trace 


+ 


+ + 


+ + 


+ + 


+ + + 


+ + + 


50 micron 




Trace 


Trace 


+ 


+ + 


+ + 


+ + 


+ + + 


90 micron 










+ 


+ 


+ + 


+ + + 



EXAMPLE 2: Glass Substrate 

10 A four inch diameter sodium borosilicate glass was 

coated with a thin film, 10-50 A, of aluminum (chromium 
can also be used) to effectively increase the reflectivity 
of the glass and block back surface reflections. This 
material was then coated with amorphous silicon by a 

15 thermal deposition process, as described above, and then 
with a layer of silicon nitride, approximately 500 ±3% A 
in thickness. 

The surface was prepared for antibody coating as 
described in Example 11 below. In this example, a poly- 

20 clonal antibody to Streptococcus Group A (GAS) was used to 
coat the surface. Specifically, 100 pi samples of diluted 
or undiluted GAS antigen was mixed with 50 ill anti-GAS 
surface activator particle, and assayed as described in 
Example 11. A comparison of this surface to a silicon 

25 nitride coating on a silicon wafer using the GAS model 
assay was conducted. The results are shown in Table 3 and 
demonstrate that glass provides as useful a substrate as 
does silicon. 
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Table 3 

GLASS SUBSTRATE 



SILICON 
grmSTRATE 



10 



15 



20 



25 



0.0 






1:256 


+ /- 




1:128 


+ 


+ 


1:64 


+ 


+ 


1:32 


+ + 


++ 


1:16 


+ + 


++ 


1:8 


+ + + 


+++ 


1:4 


+ + + 


. +++ 


1:2 


+ + + 


+++ 


DIRECT 


+ + + 


+++ 


tPT.E 3: 


rnnstru^Hnn of an AR Test. 


Surface 



30 



35 



An Optical SUDSLiauc, 

line silicon, was coated with a thicker layer (for example 
750 to 800A) of material such as silicon nitride which 
approximates the square root dependence required for an AR 
film Thickness was then selectively removed by a chemi- 
cal etching technique, described above, creating approxi- 
mately 50A steps across the substrate. This process 
produces a wedge of interference colors across the surface 
of the substrate (see Figure 3) . The substrate was then 
coated with the attachment layer and receptive material^ 
Assays were performed using negative, low positive, and 
intermediate positive samples. 

Any combination of attachment layer, receptive 
material, and assay protocol may be used in this -alysis^ 
The specific example used a wedge of silicon nitride on 
silicon which was coated with T-structure siloxane, as 
described in Example 5 below. The siloxane coated AR film 
was coated with a polyclonal anti-Strep A anybody as 
described in Example 11. The assay protocol followed was 
as described in Example 19. Samples were placed m the 
center of each wedge (different thickness) . After comple- 
tion of this assay the entire substrate was examined for 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



101 

the selection of the wedge or wedges which, provide : 1) the 
cleanest negative response - the least detectable non- 
specific binding, 2) the best sensitivity, and 3) the best 
visual contrast. Once a 5oA range of thicknesses was 
5 selected, greater resolution can be achieved by uniformly 
coating a substrate to the maximum thickness selected in 
the first experiment (for example 55oA) , and then etching 
this surface in 10A steps. This method rapidly allov/s the 
selection of the required optical thickness which provides 
10 the best "apparent" color change in combination with the 
biological materials. 

EXAMPLE 4: Preparation of TiO ? Optical Coating 

All measurements are based on the volume of material 
used. The organotitanates may be purchased from Dupont, 

15 of particular utility is Tyzor TPT (tetra isopropyltitan- 
ate) but tetra n-butyltitanate may be substituted. One ml 
of TPT was mixed with three mis of glacial acetic acid, 3 
mis alcohol, 3 mis deionized water, and 10 fil of 3M's 
FC171 fluorosurfactant . Isopropanol, t-amyl alcohol, 

20 ethanol or acetone may be used with water for this appli- 
cation. Ethanol should be avoided as it leads to 
precipitation of the titanium. 

Three to five hundred microliters of this mixture was 
applied to an optical substrate and a uniform film pro- 

25 duced by a static spin coating technique. The film thick- 
ness should be 495A ± 15A. The film was cured to the sub- 
strate by heating it to 250°C for two hours or microwaving 
at 400 watts of power for two minutes. The optical sub- 
strate used in this example was a monocrystalline silicon 

3 0 wafer. The acceptable temperature limits will also be 
dependent on the type of optical substrate used. Plastic 
will not tolerate the 250 °C cure, but glass will. The 
curing conditions selected here generate a film with a 
refractive index of 2.0 (± 3%) which is adequate for this 

3 5 application. 
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Caution must be used to ensure that the optioal sub- 
strate is clean, i^. particle tree, and that the coating 
solution is particle free. Particulates introduce coatrng 
defects in the film during the spin coatmg applrcatron 
5 process . 

^Mp^g Pro^rHnn of Attachment Layers , 

- The designations given here for varxous attachment 

layer materials will be used throughout. Attachment layer 

materials: " , 

10 #1- PEI- (Trimethoxysilylpropyl) polyethylenexmxne 

#2: PEI/DMDCS - PEI + DimethylDichlorosilane 

#3 : Polystyrene 

# 4 . MSA - Starburst; 5th generation 

#5 i T-Polymer-Aminoalkyl T-structure branch point poly- 

15 dimethyl siloxane 

#6- TC7A - film forming latex 

#7* DMDPS - Dimethyldiphenyl siloxane copolymer 

#8. Mercapto - Mercaptopropylmethyldimethyl - siloxane 

copolymer , 
20 #9- BAS-N-(2-Aminoethyl-3-aminopropyl)-trimethoxys.lane 

#10- PBD - Triethoxysilyl modified polybutadiene 

#11 PAPDS - (methylphenyl)methyldodecyl-methylamxno- 

propyl -methyl siloxane 

These chemicals were used to form attachment layers 
25 as follows: 

# 1. PEI fPpfrarch ? n-riwf.nl. PA) 

A 1-500 dilution of the stock silane was made xn 
.ethanol.' A 300 microliter sample of this solution was 
placed on a 100 mm virgin test silicon wafer by mxcro 
30 pipette, although automated aerosol or spray delivery 
systems are equally useful, while the wafer was spxnnxng 
at 7,000 rpm on a photoresist spin-coater. Spxn coatxng 
can rapidly process a large number of substrates and xs 
readily automated. While spin coating xs detaxled here 
35 it is not the intention to limit this inventxon to thxs 
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type of attachment layer production. Alternate solution 
based or vacuum based (where appropriate) depositions 
could be easily designed by those skilled in the art- PEI 
coated substrates were cured at 100°C under 0.1 mm Hg for 
5 60 minutes. A final attachment layer of 80A as measured 
by conventional ellipsometry is generally preferred, but 
other thicknesses have been utilized. 

#2: PEI/DMDCS; DMDCS (Sigma Chemical Co., St. Louis. MO ) 
A PEI coated substrate may be further processed by 

10 treatment with DMDCS. This creates branch points along 
the linear PEI chain and causes the surface to perform 
more as a T-polymer coated surface. A 100 milliliter 
stock of 2% DMDCS was prepared in 1, 1, 1-trichloroethane 
(v/v) . The PEI coated substrate was submerged in the 

15 solution for 60 minutes at 25°C. The substrate was 
removed from the DMDCS coating solution and rinsed with 
95% ethanol and finally dried under a stream of nitrogen. 
A final attachment layer of 200A as measured by 
conventional ellipsometry is generally preferred, however 

20 other thicknesses are possible. 

#3: Polystyrene (Becton Dickinson. Oxnard, CA) 

Approximately 0.05 g of a polystyrene was dissolved 
in 2 milliliters of toluene. A solution was applied by 
the spin coating technique described above. Substrates 
25 were cured for 60 minutes at 25°C prior to utilization. 
A final attachment layer of 2 00A is generally preferred, 
however other thicknesses are possible. 

#4: MSA- St arburst polymers (Polvsciences , Warrington. PA) 
A 1:4 dilution of the 5th generation Starburst (0.5% 
30 solids) was prepared in methanol. A 200 microliter sample 
of this solution was applied to the substrate using the 
spin coating method at a spin rate of 3500 rpm. This 
attachment layer was cured, for 120 minutes at 25°C. A 
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final layer of 4oA is generally preferred, however other 
thicknesses are possible. 

ftk- T-PpTY™gr (P *»i-rwrch. Bristol, PA) 

A 1-300 (v/v) dilution of the T-polymer was prepared 
5 in 2-methyl-2-butanol. The attachment layer was applied 
to the substrate by the spin coating method and was cured 
for 24 hours at 140*0 prior to use. A final layer of 100- 
160A is generally preferred. 

ftfi. TC7A (gpradvn, Tnriianapol is , IN) 
10 ' The 30% stock solution was diluted to a 0.5% solid in 
methanol. A 300 microliter sample is applied to the sub- 
strate using the spin coating technique and is cured at 
37°C for 120 minutes prior to use. A final thickness of 
this material is preferred to be 240A. 

15 #7; DMPPfi (Petr arch) 

A 1-100 (v/v) stock solution of the siloxane in tolu- 
ene was prepared and applied utilizing the spin coating 
technique and curing protocol described for the T-polymer. 
A preferred final thickness is 20oA. 



20 



&8- MeT^apto (Petrarch) 

A 1-300 (v/v) stock solution of the siloxane was pre- 
pared in toluene. The coating and curing protocol were as 
described for PEL A preferred final thickness is 200A. 



2 i 

25 A 1:100 (v/v) solution of silane was prepared xn 



fto • BAS (Pe< "rarch) 

A 1:100 (v/v) ■ 
toluene A 200 microliter sample was used in the spxn 
coating protocol. The wafer was cured for 2 hours under 
0.1 mm Hg at 140°C. A preferred final thickness is 30A. 

ftin- PBP (Petrarch) 
30 A 27.5 microliter volume of the stock silane was 

mixed with 3275 microliters of toluene. The spin coating 
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volume was 300 microliters of this mixture, and wafers were 
cured for 60 minutes at 120°C. A preferred final thick- 
ness is lOoA. 

HI!: PAPDS (Petrarch) 
5 A spin coating volume of 200 microliters of 1:100 

(v/v) of siloxane in toluene was used and wafers were 
cured for 120 minutes at 100°C prior to use. A preferred 
final thickness is 200A. 

The above -noted concentrations, volumes, weights, 
10 spin coating speed, buffers, incubation time and condi- 
tions, and all other reagents or processes described 
throughout these examples are intended to describe pre- 
ferred embodiments only, and are not limiting in this 
invention. 

15 EXAMPLE 6: Comparison of Attachment Layer Materials For 
Antigen^ 

A system was designed for the analysis of attachment 
layer material efficiency in attaching an antibody as 
receptive material to a monocrystalline silicon substrate. 

20 This procedure can be used for optimization of other sys- 
tems of this invention. Achieving a dense, reactive layer 
of antibody has been demonstrated to be more difficult 
than other layers of receptive materials due to more strin- 
gent orientation requirements. An ELISA system was 

25 designed for evaluation of an attachment layer. A mono- 
clonal ant i -horseradish peroxidase (HRP) was bound to an 
attachment layer as the test receptive material, then 
varying levels of horseradish peroxidase (HRP) were placed 
on the surface to produce a standard curve. Microtiter 

3 0 wells were antibody coated under the same conditions as a 
control . 

All surfaces were antibody coated from a solution of 
0.05 M PBS, pH 7.4 containing 2 0jxg/ml of the monoclonal 
anti-HRP (Sigma Chemical Co., St. Louis, MO) for 16 hours 
35 at 25°C. The coated substrates were submerged in the 
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10 



15 



20 



coating solution. Peroxidase (Sigma Chemioal St. 
Louis, MO) concentrations were allowed to react wxth the 
test surface or the microtiter wells for 30 minutes at 
37-C and then unbound' peroxidase was removed by rxnsxng 
with deionized water. TMB (Kirkegaard and Perry) sub- 
strate was then added to all test surfaces and allowed to 
react for 2 minutes at 25°C for color development. Fluid 
from each spot on the test surface was transferred to an 
uncoated microtiter well containing stopping reagent and 
the optical density at 450 nm recorded.. Stopping reagent 
was added directly to the microtiter wells of the comparx- 
son plate and it was similarly read. 

The results of this study are presented xn Table 4. 
Surfaces were evaluated in terms of sensitivity . (resolu- 
tion of low concentrations relative to the negatxve 
control) and dynamic range. For control purposes each 
attachment layer was also coated with rabbit IgG and then 
evaluated in the peroxidase assay. Insignificant xnter- 
action of peroxidase with all rabbit IgG coated attachment 
materials was observed. The raw silicon substrate was al- 
so examined under similar conditions, and found to exhxbxt 
very little active receptive material binding to the sur- 
face. (Data is reported as optical density measured at 
450 nm.) 
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Table 4 

PEROXIDASE CONCENTRATION (ng/ml) 

Test Surface 0.0 15.6 31.25 62.5 125.0 250.0 500.0 1 000.0 

Nunc* 0.005 0.634 0.646 0.863 0.876 1.252 1.561 1.413 

5 Dynatech # 0.017 0.161 0.150 0.279 0.662 1.173 1.465 1.598 

PEI/DMDCS 0.007 0.136 0.264 0.371 0.428 0.714 1.118 1.493 

T-Polymer 8 0.030 0.076 0.107 0.111 0.276 0.498 0.730 0.850 

^Polymer* 0.015 0.137 0.328 0.365 0.473 0.682 0.946 0.810 

MSA 0.003 0.037 0.100 0.166 0.305 0.373 0.511 0.428 

10 PEI d 0.008 0.175 0.238 0.636 0.651 .0.702 0.817 0.743 

TC7 C 0.016 0.065 0.109 0.159 0.179 0.399 0.324 0.215 

MERCAPTO 0.000 0.259 0.514 0.658 0.881 0.957 1.143 1.558 

DMDPS 0.015 0.039 0.036 0.166 0.100 0.152 0.259 0.442 

Polystyrene 0.000 0.248 0.343 0.444 0.631 0.756 0.795 0.878 

15 BAS d 0.002 0.008 0.012 0.026 0.055 0.100 0.120 0.210 

PBD 0.011 0.013 0.047 0.041 0.072 0.108 0.124 0.143 

PAPDS 0.004 0.314 0.559 0.515 0.790 0.822 1.259 1.186 

8 T-Polymer was applied to the substrate to a final thickness of 240A. 
b T-Polymer was applied to the substrate to a final thickness of 55A. 

2 0 C TC7A was applied to a final thickness of 246A. 

*Microtiter wells from these suppliers were used for comparison to the 
optical test surfaces. 

This study clearly demonstrates the utility of a 
siloxane as an attachment layer on a thin film substrate 
25 relative to treating such substrates with PEI or BAS . 
There is also variability in the utility of the individual 
siloxanes, suggesting the functional groups of the silox- 
ane may influience the reactivity of the receptive 
material. The molecular self -assembling polymers also 

3 0 show enhanced performance as an attachment layer relative 

to BAS, but are not as useful as the siloxane materials. 
While the TC7A surface activator performed poorly in this 
assay system it has marked utility in subsequent examples. 
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ma g, ^ -i — at aad t l— Maiaa-Oa « 

•BtUato^ aa>1JBlB( varylng attachment layers were 
coated by immersion in a solution of 20 M /ml of rabbit IgG 

5 (Si^a Chemical Co.. St. I*uis, MO, in 0.0S M PBS, pH 7^4 
for 16 hours at 2 5 °C. Different levels of HRP labeled 
Toat anti-, whole molecule, rabbit IgG antibody <Sigma 
Chemical Co.. St. bonis. HO, were allowed to ^ abate with 
the test surface for 15 minutes at ,,-C. Unbound mater^ 

L0 was removed by rinsing with deionized w^ter The ™B 
aubstrate solution was applied to the surface and allowed 
to react for 2 minutes at 25-C. and then the solution 
transferred to an uncoated microtiter well, containing 
stopping solution. (The optical density of these samples 

IS Tea measured at 450 ».) The results are shown in Table 



5. 



Table 5 

Goat Ant i -Rabbit -HRP Concentration 
(ng/tnl) 

nn me 31 25 62.5 12LQ Z^O 50O0 1000^0 

20 IS§j Surface 0,0 JM 31^0^2. 

PEI/DM DCS 0.010 0.035 0.085 0.123 0.290 0.289 0.469 0.572 

0 015 0.060 0.061 0.136 0.424 0.437 0.585 0.715 

0 073 0.019 0.033 0.085 0.153 0.227 0.616 0.799 

0.000 0.000 0.001 0.012 0.026 0.037 0.128 0.280 



"["-Polymer 8 
MSA 

Raw Silicon" 



25 T-Polymer was applied to the substrate to a final thickness of 53*. 
b Raw silicon is substrate material alone. 

in this study the various test surfaces were used to 
demonstrate the utility of the system in the 
an antibody capture. In this case the siloxane attachment 
30 layer and the molecular self -assembling attachment layer 
performed equaliy well. The substrate without the addi- 
tion of an attachment layer demonstrated very little 
available or reactive receptive material, demonstrating 
the need for an attachment layer. 
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EXAMPLE 8: Competitive Assay Format 

DNP is a small molecule, not atypical of the 
molecular range exhibited by therapeutic drugs, drugs of 
abuse , pesticide residues, or organic residues. It is 
5 often desirable to assay small molecules such as these 
using a competitive assay format. 

This example describes the method and results of an 
assay quantitating the concentration of DNP in the sample. 
The surface was coated with either the hapten or a carrier 
10 which was conjugated with the hapten. The hapten may be 
directly immobilized to the surface if appropriate chemis- 
tries are available, or passively attached to the surface. 
The same options apply to the hapten/carrier conjugate. 

Test samples were mixed with a material which will 
15 react not only with the free hapten in the test sample, 
but also with the immobilized hapten. One of the most 
commonly used reactive materials is an antibody specific 
to the hapten. Any highly specific binding reagent could 
be substituted for the antibody. The extent of capture of 
20 this reagent is inversely proportional to the concentra- 
tion of free hapten in the original test sample. The test 
may be designed to produce quantitative or qualitative 
results. 

Materials and reagents were prepared as follows: 
25 1. Monocrystalline silicon wafers, 4 inches in diameter, 
n = 4.02, virgin test quality, polished on one side, 
1-0-0 crystal orientation, were coated with silicon 
monoxide to a final thickness of 550 (±10) A and a 
refractive index of 2.0 (±0.05). The thin film 
3 0 interference color produced by this material is gold. 

The silicon monoxide was applied to the wafers by a 
standard chemical vapor deposition technique. 
2. The wafers were activated with the bis-aminosilane 
vapor coating process described in Example 1. 
35 3. These amine derivatized surfaces were placed in 30 
mis of solution containing phosphate buffered saline 
(PBS), pH = 7.2 and 5 mg/ml DNP conjugated to human 
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10 



15 



serum albumin (HSA) (DNP-HSA) in a. Falcon 100 - 
Tissue Culture Dish. Wafers were coated at 37 
(+2 o C ), 98% humidity until. 40 A of DNP-HSA was 
deposited on the surface (approximately 30 minutes) . 
A Caertner Ellipsometer was used for all ^cKness 
determinations. The wafers were removed from the 
coating solution, rinsed with deionized water, and 
dried under a stream of nitrogen. 
. coat anti-DNP was mixed in PBS to a concentration of 
1 2 mg/ml. DNP was dissolved into water. Anybody 
and DNP were mixed 1:1. A 20 ,1 sample of the na- 
ture was applied to the coated surface and incubated 
£or 10 minutes at room temperature. Unbound 
ma terials were rinsed from the surface with dexonxzed 
water and the surface dried under a stream of 
nitrogen. The slide was visually examined and, xn 
addition, the change in mass at the surface . measured 
by a change in light intensity using a modxf xed Sagax 
Comparison Ellipsometer, see Figure 15. Readxng 
protocol is given in Example 21. Visual examxnatxon 
gives a semi-quantitative estimation of the concen- 
tration when a sample is compared to a standard 
curve. 

The results are shown in Table 6. 
Table 6 

Concentration of Relative Ellipse- 

Added <n na/ml metric Tntensxt y, Visual 

0.0 53 ' 2 

0.031 . 40 ' 4 

30 0.062 34,0 

0.125 27 - 4 

0.500 26 - 6 

1.000 23 ' 3 

100.0 15 -° 



20 



25 



+ 

+/- 
+/- 
+/- 
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EXAMPLE 9: Small Molecule Detection 

A 4 -inch monocrystalline silicon wafer with an index 
of refraction of 4.02 at a specified wavelength was coated 
with silicon oxynitride. The refractive index of this 
5 coating of silicon oxynitride was 1.98 with a thickness of 
approximately 540A. 

The wafer was then chemically activated by applica- 
tion of approximately 50 ±2 A of (N-trimethoxysilylpropyl) 
polyethyleneimine (Petrach Systems, Bristol, PA) using 

10 standard wafer spin coating techniques designed for 
application of photoresist. The wafer was cured in an 
oven at 14 0 °C for a period of 2 ±0.1 hours. 

A fresh 1% solution of a small analyte, trinitro- 
benzene sulfonic acid (TNBS) , was prepared in deionized 

15 water. A 25 /xl drop of deionized water (control) and of 
the TNBS solution was placed on the surface of the amine 
coated wafer. The drops were allowed to react with the 
surface for five seconds. The surface was rinsed with 
water and dried with a stream of pressurized air. Upon 

20 visual inspection under polychromatic light the area 
contacted with the TNBS is a red-purple color. 

The change in thickness on the surface caused by TNBS 
binding is approximately 2oA. This was sufficient to 
produce a visually discernable color change in the area 

25 where the TNBS bound. 

EXAMPLE 10: Enzyme Detection 

A 4 -inch monocrystalline silicon wafer was coated 

with an AR film of 525 ±3% A silicon nitride (refractive 

index 1.97 ±0.05) . 
3 0 The deep gold colored wafer was coated with 

approximately 100 ±2 A of aminoalkyl- (t -structured) - 

polysiloxane (Petrarch Systems, Bristol, PA) . The gold 

colored wafer was cured for two hours at 14 0°C. The wafer 

takes on a very slight purple tint. 
35 The siloxane coated wafer was placed in a phosphate 

buffer containing acid soluble collagen. The collagen 
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Acid 



20 



solution was prepared in the following, manner, 
soluble collagen type I from calf skin (Sigma Chemical 
St Louis, MO) was dissolved in 1 molar acetic acid 
adjusted to P H 4 at a concentration of 5 mg/ml Then a 
0.1 molar phosphate buffered sali*e, P H 6.8, containing ^20 
ug/ml of the acid dissolved collagen was prepared . 
solution was used to coat the wafer for a period of two 
hours at room temperature. Thirty mis of solution were 
placed in a Falcon Tissue Culture Dish and the wafer 
submerged in the solution. The wafer was rinsed with 
water and dried with a stream of pressurized air. The 
wafer had a dark purple/blue color. Solutions of colla- 
genase enzyme (Boehringer- Mannheim) in a 0.1 ^ were 
Hcl buffer, P H 7.2, containing 50 mM calcium ion were 
prepared with 0 to 1 units of activity per ml of solution 
to evaluate the collagen coated wafer. One unit is equal 
to the amount of enzyme that hydrolyses 1 M™>le of FALGPA 
per minute at 25<>c. In this system the enzyme will 
degrade the collagen on the wafer surface and cause • 
thickness decrease. The thickness decrease is opposite of 
the other examples described in this invention, which 
involve color change due to thickness increases. 

A 25 Ml drop of collagenase enzyme at a concentration 
of 0.5 units/ml was allowed to react with the collagen 
, coated wafer for five minutes. The wafer was washed with 
deionized water and dried with a pressurized air stream. 
Upon visual inspection areas contacted with the enzyme had 
a gold appearance while the background remained dark red 
to purple. The results are shown in Table 7. 
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Concentration 
0 . 0 fi/ml 
0.1 /x/ml 
0 . 2 /x/ml 

0 . 5 fi/ml 
0 . 8 ix/ml 

1 fi /ml 
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Table 7 

Visual 

+ 
+ 

++ 
++ 
+++ 



Color 

purple/blue 
purple 
purple 
pale purple 
pale purple 
gold 



10 EXAMPLE 11; Attachment Lav er Evaluation 

A silicon substrate was prepared by processing 
diamond sawed wafers from a monocrystalline silicon ingot 
in a series of steps known to those skilled in the art as 
lapping. Sawed wafers were lapped with an abrasive 

15 material, etched to a more uniform surface profile with 
acid or caustic solutions, • then further lapped to a 
progressively finer level of surface roughness. For this 
application, an abrasive preparation of 12-21 micron 
aluminum oxide particles with a mean size of 15 microns 

20 was used to produce a diffusely reflective substrate. For 
this particular study, the substrate prepared as described 
above was coated with silicon nitride to a final thickness 
of 55 oA. While this is the combination of materials 
described, any AR material at varying thicknesses may be 

25 used within this invention. The test surface was then 
treated with a number of the attachment layer materials as 
described in Example 5 . 

These test surfaces were coated in solution with 20 
/ig/ml of a rabbit anti-Streptococcus Group A (Strep A) 

30 antibody in 0.1 M HEPES, pH 6.0 for 60 minutes at 25 °C. 
The test surfaces were reacted by placing a 10 microliter 
spot of a control solution either free of or containing 
Strep A antigen and a latex mass enhancing reagent (see, 
Example 14) and incubating for 2 minutes at room tempera - 

35 ture. Test surfaces were then rinsed with deionized water 
and dried under a stream of nitrogen. 
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The negative control was prepared by. mixing 1 part^2 
M NaN0 2 with 1 part 2 M acetic acid and neutralizing with 
0 66 N NaOH. The positive control, a commercially avail- 
able buffer-based preparation of extracted antigen from 

5 cultured Strep A cells was diluted in the extraction media 
Trior to use. Samples were mixed 1:2 with a secondary 
latex reagent prior to application to the test surface 
H esults in Table B are reported as the highest dilution of 
positive control capable of being visualized above 

10 negative control. 

Table 8 

Te^t surface D ' ^ T^rt-able Dilution . 

T-Polymer 1:256 

TC7A 1 : 8 

No visual response 

15 BAS 

No visual response 

PEI 

PEI/DMDCS 1:16 

DPhDMS No visUal reS P° nSe 

MSA 1:64 _ 

This study was designed to demonstrate the utility of 
the attachment layers in an antigen capture -say where 
the result is a visual signal on a diffusely -fleeting 
substrate. In this case BAS and PEI, demonstrate little 
functional receptive material binding. The various silox- 
anes demonstrate varying ability to adhere the -cep^ive 

_ _ _ noil with the 



20 



25 anes demonstrate vax^» 3 . 

serial. The best assay performance is obtained with the 
T-polymer siloxane. Both the molecular 
attachment layer and the surface activator, TC7A, show 
some utility in this assay system. 

30 EXAMPLE 12 - Tnnhrumented Assay 

The monocrystalline silicon substrate used in this 
example is a polished wafer surface. The attachment 
layers were applied as in Example 5 and antibody was 
applied as in Example 11. The assay was conducted as 
35 described in Example 11. The positive control used 
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contained a dilution of the Strep Group A. antigen. Once 
dried, the reacted test surfaces were examined with the 
Sagax Comparison Ellipspmeter and the photometric analysis 
of the reflected light intensity was recorded in terms of 
a millivolt reading (see, Table 9) . 



10 



15 



Test 
Surface 
PEI 
PBD 
TC7A 

T- Polymer 
MSA 



Table 9 
Negative 
Control (mV) 
36.0 
21.2 
0.0 
15.5 
0.0 



Positive 
Control (mV) 



133.0 
37.7 
56.0 
286.4 
136.0 

All attachment materials tested are useful in this 
assay, with PEI, MSA, and T-polymer providing optimum 
results. 



EXAMPLE 13: Collaaenase Activity 

A TC7A test surface was prepared as in Example 5, the 
monocrystalline silicon wafer was coated directly. The 

20 test surface was submerged in a solution of 0.1 M Tris- 
HCl, pH 9.0, containing 4.9 ug/ml of human collagen Type 
1 (Sigma Chemical Co., St. Louis, MO). The test surface 
was coated for 60 minutes at 25°C. Test surfaces were 
rinsed with deionized water and dried under a stream of 

25 nitrogen prior to use. A 143A layer of immobilized 
collagen was produced. Varying dilutions of collagenase 
(Boehringer-Mannheim, Indianapolis, IN) were prepared in 
a buffer containing 0.005 M CaCl 2 and 0.1 M Tris-HCl, pH 
7.6. Five microliter spots of the varying concentrations 

30 of collagenase were applied to the test surface and 
incubated for 5 minutes at room temperature. 

Reacted surfaces were rinsed with deionized water and 
dried under a stream of nitrogen. Reacted surfaces were 
examined with the Sagax Comparison Ellipsometer and 

35 reflected light intensity recorded. In this example the 
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receptive material layer is degraded by the collagenase 
and holes are produced in the receptive material to give 
a progressively more negative signal as a function of 
increasing activity or concentration of collagenase 
Collagenase activity is reported in units . .10 
Activity was measured as light intensity in mxllxvolts 
(see, Table 10) - 



TABLE 10 

collasenase EssUl SHLtt BSLJ2 ~ 
-15 "I 2 

100.0 60 
200.0 125 " 

181 H8 188 



10 0.0 

55 68 61.0 9.6 10. 8 



4.7 9.0 200.0 

11. 0 9.6 10.8 

108 108.7 16.0. 14.7 



300.0 
500.0 



162.3 38.6 23.4 
240.0 27.1 11-3 



500. u 271 228 228 

This study was designed to demonstrate the production 
of a test surface for the detection of an enzyme activity. 
While the demonstrated activity is degradative in this 
case, the production of a system to measure enzyme 
activity in terms of a synthetic activity can also be 
20 envisioned. In this case, the TC7A attachment layer 
demonstrated nearly a 3 fold increase in acceptance of 
receptive material relative to the T-polymer siloxane 
(results not shown) . 

e-yrmpt.f. 14 - M««a Enhancement 
25 This example demonstrates use of mass-labelled 

antibody and selection of an appropriate mass -providing 
reagent. Such selection can be used for determination of 
optimum mass labels for other systems of this invention. 
Surface Activator particles were purchased from Bangs 
30 Laboratories, Carmel, In.; Amide Particles: Lot Numbers 
L910108A (SA7-015/758) or L901015J (B7-015FF/181 ; or 
Carboxylate Particles: Lot Number L9004108 (SA1-015/787) . 
TC3 TC3X, TC7 , and TC7X are similar film-forming parti- 
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cles which were purchased from Seradyn, Inc., Indianapolis, 
In. All of the TC designated preparations were carboxylic 
acid containing styrene -butadiene copolymers. Of these 
preparations only the TC7 particles were extensively exam- 
5 ined. The TC3 preparations produce a very opalescent film 
and were not used. Seradyn particles examined were TC-7A 
Product Number CML, Lot Number 1K30; TC-7X Lot Number 
1M92, TC-7 Lot Number 1V18 (F040690) , TC-3X Lot Number 
1R35, and TC-3 Lot Number 1J44. The surface activator 
10 preparations offer more flexibility in the chemistries of 
immobilization as both carboxylate and amide particles are 
available. The amide particles are readily converted to 
the hydrazide particle as described in U.S. Patent 
4,421,896. 

15 In this study, monocrystalline silicon, virgin test 

wafers were used directly. These wafers were coated with 
a T-polymer siloxane (Petrarch Systems, Bristol, PA, 
Catalog Number PS401, Lot Number) by application of 300 
microliters of 1:300 (v/v) dilution in 2-methyl-2-butanol 

20 of the stock siloxane using a spin coating device. The 
T-polymer was cured to the surface of the wafer by a heat 
treatment for 120 minutes at 120 °C. The activated sub- 
strates were placed in a solution containing 20 micro- 
grams /ml of a rabbit polyclonal antibody to Streptococcus 

25 Group A in 0.1 M HEPES buffer, pH 6.0. Wafers were 
submerged in the antibody solution for 60 minutes at 25°C, 
removed, rinsed with deionized water, and dried under a 
stream of nitrogen. A thickness or optical density change 
is directly observed by examining a reacted wafer with the 

30 Sagax Comparison Ellipsometer . 

Table 11 summarizes the results obtained with 
variously coated film- forming particles. Table 11 indi- 
cates the antibody concentration, particle concentration, 
and the addition of any blocking materials if necessary. 

35 The antibody used for coating of the film- forming parti- 
cles was the same as that used as the receptive material 
on the ellipsometric wafer. Antibody was coated to the 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



118 

surface of the particle by incubation of the mixtures at 
25°C for 16 hours. TC7 preparations were examined as 
dilutions of the stock solutions, dialyzed against water 
and treated with a mixed bed resin prior to reaction with 
antibody. 



Amplifier 

TC7 

TC7(dialyzed) 

10 TC7 

TC7(lon Exchange) 
TC7 

SA:COOH 
SA:COOH 
15 SA-.COOH 
SA:COOH 

SA:C00H 
SA:COOH 
SA:COOH 
20 SA-.COOH 
SArCOOH 
SA:COOH 
SA:COOH 



Table 11 
% Antibody A:S* 



Solid 



Concen 
tration 



Ratio 



3 
3 
3 
3 
3 

3 
3 
1 
3 



3 

1 

3 

3 

2 

2 

2 



150 1:1 

115 1:1 

7.7 1:1 

115 1:1 

150 1:1 

150 1:1 

150 1:1 

150 1:1 

150 1:1 

7.7 1:1 

7.7 1:1 

150 2:1 

150 1:4 

150 1:1 

150 1:4 

150 1:2 



Blocker 



0.005% 
SDS 



Casein 
1.5 15 
ug/ml 



Values 
Neg Pos 



45 
45 
98 
43 
63 

145 
143 

74 

50 

132 
87 

122 
42 
47 
55 
34 



60 
45 
110 
50 
60 

181 
180 

80 

50 

150 
97 

147 
51 
58 
61 
68 
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A m iM if I or 

• 


To 

Solid 

• 


AntiDooy 
Concen 
tration 


a .e 1 
A:5 

Ratio 


Blocker 


Values 
Neg Pos 


SA:CO0H/H 2 O 


7 


150 


1:1 


- 


56 


60 


SA:COOH/H 2 0 


7 


200 


1:1 


- 


56 


oo 


SA:COOH/EDC/H 2 0 


• 7 


150 


1:1 


- 


oo 




SA:COOH/EDC/H 2 0 


7 


200 


1:4 






O 1 


SA:COOH-Surfactant 


1 


150 


1:1 




1 00 


no 


SArCOOH-Surfactant 


1 


150 


1:10 




QC 

oo 


on 


SA:COOH-Surfactant 


20 


370 


1:1 




o oo 
283 


1 50 


SArCOOH-Surfactant 


20 


370 


1:4 




ZoU 


231 


SA:COOH-Surfactant 


20 


370 


1:1 


1:1 1% 
BSA 


3 


1 33 


SArCOOH-Surfactant 


5 


150 


1:1 


- 


117 


91 


SA:N = N/Glut H 2 0 


4 


150 


1:1 


- 


55 


101 


SA:N = NH 


10 


150 


1:4 


- 


281 


1 35 


SA:N = NH 


10 


150 


1:10 


- 


242 


111 


SA:N = NH Bicine 


3 


150 


1:1 


- • 


19 


25 


SA:N = NH H 2 0 


4 


150 


1:2 




41 


63 


SA:N = NH H 2 0 


10 


150 


1:1 




125 


217 


SA:CONH 2 


3 


150 


1:4 




66 


55 


SA:C0NH 2 


10 


150 


1:4 




66 


63 


SA:N = NH 8 


3 


300 


1:2 




0 


613 


SA:CONH 2 » 


3 


300 


1:2 




0 


320 



* Amplifier to Sample Ratio. 

8 The final concentration of hydrazide in this particle preparation was 3 M 
and antibody was coated to the particle in 50 mM MES, pH = 6.0 and at 
56°C for 30 minutes. 
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Covalent attachment of the antibody was examined with 
the carboxylate particles by the addition of * 1% final 
concentration (w/v) of a carbodiimide (l-cyclohexyl-3- (2- 
morpholino-ethylcarbodiimide metho-p-toluenesulfonate; 
5 Aldrich Chemical. Co.. Milwaukee. WI. Catalog Number 
C10.640-2. Lot Number 09915PW) . The carbodiimide was 
ad ded prior to the addition of the antibody ; 
treated amide particles may be treated with a final 
concentration of 0.05% glutaraldehyde immediately before 
10 the addition of antibody to provide cova lent attachment of 
the antibody onto the surface of the particle. 
were coated with antibody in a 0.01 M phosphate buffered 
saline at pH 7.2 unless otherwise denoted. _ 

The Strep A antigen preparation used for the 
15 production of the positive control was commercially 
available. This antigen was diluted into a mixture of one 
part 2 M NaNO,. one part 2 H Acetic Acid, and one part 0.66 
> NaOR to a 1,600 dilution level. The same P~P*™ 
m lnus the antigen was used as the negative control. The 
20 amplifying reagent was mixed in varying ratios as 
designated in Table a. with the positive and negative 
controls and five microliters were applied to the surface 
of the antibody coated wafer. The samples were incubated 
for 2 minutes at 25-C. . rinsed, and then dried under a 
25 stream of nitrogen. Reacted wafers were examined with the 
modified Sagax Ellipsometer and the thickness was recorded 
as a change in intensity, measured in millivolts 

These data demonstrate that an extremely high 
particle density in the amplifying reagent * 
30 non-specific association of that reagent with ^ the ,«* 
surface. Addition of ancillary proteins or surfactant do 
not improve the performance of the antibody coated 
particles. The TC-7 particles being slightly more rigid 
than the Surface Activators do not perform as well for 
35 this particular application, however, in comparison with 
some other latex preparations the TC-7 particles demon- 
strate significant reactivity. Increased temperature 
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appears to improve the level of antibody incorporation 
into the particle and thus reduces the level of free 
antibody. While free antibody was not removed from these 
particles, it may be advantageous to remove unassociated 
5 antibody by a technique such as ultra- f iltration . The 
hydrazide derivatized amide particles appear to provide 
the best overall reactivity although the amide particles 
also perform well. The surface activator carboxylate 
particles do not perform as well as the amide particles, 

10 EXAMPLE 15: Latex 

In this study the amplifying film- forming particles 
were prepared as in Example 14, and the assay was con- 
ducted as described there. The substrate employed was a 
monocrystalline silicon wafer which was lapped with 12-20 

15 micron aluminum oxide particles, mean particle size 15 
microns, to create a rough textured surface using a 
process well known to those skilled in the semi-conductor 
industry. This substrate was coated with a thin film of 
silicon nitride. A silicon nitride film of 350 to 550A is 

20 standard for this application, however, any film thickness 
can be utilized. The T-polymer treatment of the optical 
slide was as described in Examples 5 and 14. 

The results are shown in Table 12 . The visual 
results differ from those observations made in the 

25 ellipsometric system. A very high particle density 
provides a clean negative result, but does not produce a 
strong positive visual signal . A higher level of antibody 
incorporated into the particle produces a stronger signal 
than does a lower level of antibody, as observed with the 

3 0 instrumented assay. This study suggests that insufficient 
antibody coverage of the particle allows non-specific 
association of the latex particle with the test surface. 
Once optimized, however, the positive and negative results 
are readily detectable and distinguishable. 
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Table 12 





Antibody 




Visual Response 


% Solid 


rnnnfintration 


Ratio 


Neq E2S 


10 


150 


1:1 


+ 


10 


150 


1:1 


+ 


10 


150 


1:2 


+ 


10 


150 


1:3 


+ 


10 


150 


1:4 


+ + 


10 


150 


1:5 


+/- 




150 


1:1 


+ /- + + 


3 




3 


150 


1:5 


+/- + 


3 


300 


1:2 


+ + + 


3 


300 


1:2 


+ + 



Amplifier 

SA:N = NH H 2 0 
5 SA:N=NHH 2 0 
SA:N = NH H 2 0 
SA:N = NH H 2 0 
SA:N = NH H 2 0 
SA:N = NH H 2 0 
10 SA:N = NH H 2 0 
S A:N = NH H 2 0 
SA:N = NH» 
SA:CONH 2 B 



* Amplifier to Sample Ratio. 

MES. PH-6.0 « 30 mi nu,es. A 2.5 M MOPS u»d .s ,he n.^.zer in 

these experiments to provide a final pH of 8.0. 

FXAMPLE laaQB g amplification 

' „lseradish peroxTd^elsIgma grade VI, 
20 ally coupled to immunoglobulins purified by caprylrc acid 
precipitation from pooled high titer sera from rabbrts 
previously injected with suspensions of cells from cul- 
tures of Neisseria meningitidis A, C, V. «,„. The coupling 
was done using the reagent S-acetyl thioacetic acrd H- 
25 hydroxysuccinimide ester and methods described rn 
analytical Biochemistry UJ (1383, 68-73. The resultant 
conjugate contained peroxidase U04„M> and immunoglobulin 
!35aM> in a buffer of MOPS, 50 mM, pH 7.0. The 
p ox dase-immunoglobulin conjugate was diluted ^ in MOPS 
30 buffer together with casein ( 5 mg/ml, and mixed wrth an 
e^ual voile of a dilution of a cell-free filtrate from a 
culture of Weisseria meningitidis organisms. 

The mixture C25ul) was pipetted to the surface of a 
silicon wafer coated with layers of silicon nitnde. t- 
35 polymer siloxane, and purified immunoglobulin from the 
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same rabbit antibody preparation to Neisseria meningiti- 
dis. Antibody was coated to the T-polymer/silicon wafer 
from a solution containing 10/ig/ml of antibody in 50 mM 
MOPS, pH 7.0. The wafer remained in the antibody for 1 
5 hour at ambient temperature, was rinsed with deionized 
water, and dried under a stream of nitrogen. The antibody 
coated substrate was further treated by incubating the 
coated substrate in 0.5 mg/ml hydrolyzed casein in 50 mM 
MOPS pH = 7.0 for 1 hour at ambient temperature followed 

10 by rinsing and drying. 

Sample was mixed 1 part with 1 part of conjugate. 
Ten microliters was applied to the test surface. After 2 
minutes the sample was washed off with water and the wafer 
was dried with a stream of nitrogen or blotted with a fil- 

15 ter device. TMBlue precipitating substrate (TMBlue is a 
commercially available product, trademarked by Transgenic 
Sciences, Inc. and disclosed in U.S. Patent 5,013,646) was 
applied to the same area of the wafer and allowed to stand 
for 5 minutes. The wafer was washed and dried. A purple 

20 spot was visible where the reaction had occurred. This 
resulting precipitate was then read by eye and ellipso- 
meter to confirm the presence of N. meningitidis. A 
1:20,000 dilution of the antigen is clearly resolved from 
the negative by eye (see, Table 13) . 

25 Table 13 

N. Meningitidis Results 

Ellipsometric 
Fold Dilution* Visual Score mVolts 

0 - 64.2 

30 1:10,000 + 152.0 

1:5,000 +++ 238.5 

1:2,500 +++ 395.7 

1:1,000 +++ + 635.0 

♦Dilution of the stock antigen preparation into 50 mM 

35 MOPS. 
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* test kit can be forced based on the above assay. 
This kit contains all the components necessary to perform 
up to 50 optical immunoassay rapid tests. The tot 
Matures a solid support test station which is designed to 
. facilitate the proper washing and drying steps reared 
A slide, which may include from one to five (or more, 
unreacted test surfaces specific for the conjugated 
Inaite If interest, is placed on the test station. J*~ 
completion of the first reaction, the slide l tilted 
10 forward away from the operator. The test surface(s) is 
vigorously rinsed with wash solution which drains from the 
lilted surface into the reservoir below. (The reservoir 
contains a solid absorbent bloc* of cellulose acetate 
.reared with a biocide.) The slide is then -turned to a 

, a - iece o£ absorbent paper is placed 
15 level position, and a piece oi • 

directly onto the test surface. Several seconds contact 
time is allowed for full wicking. The absorbent papers 
are provided as pads of individual tear-off sheets 
conveniently located on the front of the test kit. but the 
20 wash/dry process can be effected by alternate ^means such 
as capillary action. In addition, a solution of an 
ensyT-labTed substance, an enryme-labeled antibody which 
1. Specific to an analyte of interest 
antigen,, is provided, suitably buffered and ^dilute^ 
25 Finally, precipitating means, such as e container of 
commercially available TMBlue liquid, is provi ded 
convenient volume so that one to three drops or more can 
^ applied dropwise to cause the enzymatically produced 
mass'change to precipitate before washing The second 
30 incubation is started by adding substrate to th surface 
and the wash/dry process is repeated to complete the test^ 
T„o different types of silicon wafers were used, one 
a gold colored silicon nitride-coated wafer and the other 
was a silver-colored silicon wafer without a nitride 
35 coating «- possibility is that the visual color which 
"observed with the peroxidass/precipitating substrate 
system on the silicon nitride is strictly due to the 
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absorbance of the dye precipitated on the surface. If 
this is the case and the precipitated dye is not behaving 
as a thin film, then the silver- colored silicon wafer will 
produce a visual signal which is the deep blue of the 
5 TMBlue only. 

T-polymer coated wafers were treated with antibodies 
for five separate tests; N. meningitidis A, C, Y, Wj 35 ; N. 
meningitidis B; Streptococcus B; H. influenza B; and 
Streptococcus pneumoniae. The first reagent produced for 

10 each test was wafers, gold and silver, coated with the 
attachment layer (T-polymeric siloxane) as previously 
described. All five antibodies were coated to these types 
of wafers at a 10/ig/ml concentration of antibody in 50 mM 
MOPS, pH 7.0 by immersing wafers in the appropriate 

15 solution for one hour at ambient temperature. Wafers were 
rinsed, dried, and blocked as described in Example 1. 

The second reagent required utilized the same five 
antibody preparations for the production of antibody- 
horseradish peroxidase conjugates using the method 

20 described above. The stock conjugate preparations are 
used to produce working conjugate by dilution in 50 mM 
MOPS, pH 7.0, containing 5 mg/ml casein, to a final 
conjugate ratio of 1:100. One part of the working 
conjugate solution is mixed with one part of a standard 

25 " antigen preparation, and a 20/il sample applied to the 
appropriate antibody coated wafers. 

A rapid protocol was employed using a 2 minute 
incubation followed by a wash, dry then a 5 minute 
substrate incubation to permit the build-up of product on 

30 the wafer surface. Following a wash and blot dry, the 
sample was read with both the naked eye and an ellipso- 
meter. Purple colored spots, strikingly visible, 

developed on the gold, silicon nitride-coated wafer, and 
grey spots were seen using the silver-colored silicon 

35 wafer without nitride coating. On the silicon nitride 
coated surface a very strong positive produced a white 
interference color. The thickness increase could be 
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dependent on the dye chromog en does not 

Further ev.dence that 'he 

contribute to the ^ - «' * exp eriment. 
response was wrth «.h e reagent _ 

10 Treatment of the TMB/HA pro 

response ohserved c ^ r „. then the 

Ration here »"» "* 3ent 

treaty =f the surf aoe p p ^ of the 

15 should yield a yellow ~ sulfurie aoid does 

rirrr^ --or. - 

sig na! is entirely dependent on the for^tron o 

filB . R dditional ™^~°\™ p ZZ «e fro. the 
acrlp o£ adhesive to remove the ^ 
surface of the silioon nrtrroe. The pr «P ^ ^ ^ 
with the adhesrve was ^JJ, ^ ^ . 
component. The ofcse component: 
25 bright purple/blue color with a strong ^ 
This re-enforces the idea that th n ^ 
responsible for the generation of the 



20 



30 



effeCt * -results obtained from a 

Table 14 represents the results 

of the mass enhanced assay to the latex 
comparison of the m We llcome Diagnostics 

agglutination assays manufactured oy 
£ « a whole range of bacterial antxgen assays. 
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• Table 14 . 
Sensitivity Comparison of OIA with Latex Agglutination 

Latex 1 + OIA, 



Orqanism 


Source of Antiqen 


Reaction 8 


OIA b 


Late> 


N. meninaitidis 


Cell supernate 


4K 


20K 


5 


A,C,Y,W 135 










N. meninaitidis B 


Kit positive diluted in 
Cerebral Spinal Fluid 


8 


32 


4 




Kit positive diluted in 


20 


160 


8 




buffer 










Cell supernate 


25K 


200K 


8 


H. influenza B 


Kit positive 


10 


80 


8 


Streptococcus B 


Kit positive 


10 


50 


5 




Pronase extract of cell 


10K 


40K 


4 




suspension 








S. pneumoniae 


Kit positive 


100 


Neg. 






Type 4 polysaccharide 


200 


400 


2 




Type 9 polysaccharide 


50 


50 


1 




Type 12 polysaccharide 


50 


10 


0.2 


Streptococcus A 


Positive Antigen 


80 


1600 


20 



Latex Agglutination Assay; commercially available. 
Mass Enhance Catalytic 

Represents relative increase in sensitivity achieved with OIA compared to 
latex agglutination. 



15 NOTES : 

1) For OIA, the dilution is the last dilution giving a visibly positive result. 

2) Cell supernates ntoed here are the supernatants removed after overnight 
+ 4°C standing of a heavy cell suspension made in 0.5% formalin in 
saline. They have a high content of the polysaccharide, hence require 

20 . considerable dilution. 

3) Latex tests were done with commercially available products which had not 
expired. 
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The results shown in Table 15a and 15b are a compar- 
ison of the catalytic mass enhanced method and an Enzyme- 
ison or «« j ( IgA) xhe data demonstrate 

Linked immunoadsorbant Assay (EL ISA) . xn 

an enhanced performance of the enzyme ampl^ed assay for 

. -j- iv n v relative to the ELISA, usmy 

5 Meningitrdrs A. C. Y. W IJS rela 

as a substrate. Production o£ the ELISA test s 
fh« ootioal test surface are described below. 

Tbere are two major differences between these tech- 
niques. First, the method of this invention utiles , a 
X. poUshed silicon wafer for solid phase adsorptron of the 
antibody while ELISA utilizes a clear polystyrene nucro- 
"ter plate, second, and more important, the -bstrates 
"sed to develop the reaction for this catalytic method 
produce an insoluble product that deposits on the surface 
„ of the polished silicon wafer, while the substrate for 
ELISA produces a colored solution in the wells of the 
ELISA pro _ because of this important 

^ catalytic 

::":n:: «. sensitive. *. 

, n to be produced from the chromogen, while the device 

2 of tnis invention depends only on a thin layer of chromo- 
aen to be deposited on the device. 

9 specifically, one surface is a polished silicon wafer 
,OIA) and the other surface, a clear polystyrene, micro- 
2 S titer plate (ELISA) . Both surfaces received a 10 ,g/ml 
antiLdy solution for 1 hour at room temperature, a deran- 
ged water rinse, and a 0.5 mg/ml casein blocking solution 
£or 10 minutes at room temperature, and a frnal deiomred 

30 mt '\TZ assay, antigen dilutions where: 1-5.000, 
" 000, 1:20.000; 1:40,000, 1:80,000; and 1:160 000; and 

the conjugate solution was a 1:100 dilution of HRP labeled 
antCy containing 5 mg/ml casein and SO m» MOPSO p„ 
To one part of each antigen dilution was combined with 
35 one part conjugate solution immediately before use and 
applied to each surface. This was allowed to react for 2 
Zutes at room temperature, then each surface was rrnsed 
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with deionized water. Substrate was then added to each 
surface. The silicon wafer received TMBlue and the EL ISA 
plate received TMB . This was allowed to react for 5 
minutes at room temperature. At this point, the reaction 
5 was over and the silicon wafer was rinsed with deionized 
water and dried with nitrogen. The ELISA was stopped with 
H 2 S0 4 . A visual reading was made to determine the lowest 
antigen dilution dif f erentiable from the negative and the 
test surface containing the insoluble product deposited on 

10 the surface put into the ellipsometer to measure the 
respective voltages. 

OIA could be read out to a 1:40,000 antigen dilution 
as compared to ELISA (unstopped) which could be read to 
only a 1:10,000-1:20,000 dilution, while ELISA (stopped) 

15 could only be read to a 1 : 5 , 000-1 : 10 , 000 dilution by eye. 

Instrument read results are shown in Tables 15a and 

15b. 

Table 15a 

Catalytic Mass Enhanced Method (OIA) Results 



20 



OBS A 


Fold Antiaen Dilution 


Chancre in Intensity* 


2 


0.000 


0.006 


2 


5,000 


0.339 


.2 


10, 000 


0.154 


2 


20,000 


0.059 


2 


40, 000 


0.023 


2 


80,000 


0.013 


2 


160,000 


0 . on 



Number of observations made. 



♦Change in intensity is actual intensity minus background 
30 intensity recorded with the Comparison Ellipsometer. 
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10 



Table 15b 
ELISA Results 



Dilution 


Optical 


Densitv Readinas at 




riM 

1X1*1 




1 


2 


3 


4 




0 


0 


0.013 


0.003 






1:160,000 


0 


0 


0.008 


0 


.015 


1:80,000 


0.006 


0.036 


0. 037 


0 


.045 


1:40, 000 


0.006 


0.005 


0.027 


0 


.001 


1:20,000 


0.015 


0.012 


0.012 


0 


.041 


1:10, 000 


0.030 


0.043 


0.068 


0 


.053 


1:5,000 


0.081 


0.085 


0.097 


0 


.123 


1:5,000 


0.063 


0.064 


0.094 


0 


.088 



EXAMPLE 17: Latex and Catalvtica llv Enhanced Assays 

An enzyme- labeled assay was used to detect antigen 

15 from Streptococcus A and compared on the same silicon 
wafer with an assay using the amide modified surface 
activator latex, 0.161/xm ( Rhone - Poul enc ) . 

Both techniques are more sensitive than a commer- 
cially available (Wellcome Diagnostics) latex agglutina- 

20 tion technique which has a cut-off at a 1:80 dilution of 
antigen. A direct instrumented comparison of the two 
techniques is presented below in Table 16. The mVolt 
readings given are a function of a change in light inten- 
sity recorded with the modified Sagax Comparison 

25 Ellipsometer . 



Fold Antigen Dilution 
0 

1:320 

30 1:160 
1:80 
1:40 
1:20 
1:10 



Table 16 
mVolts /Latex 
3.0 
32.0 
63.0 
113.0 
195.0 
316.0 
428.0 



mVolt s /Enzyme 
11.0 
203 .0 
290.0 
272.0 
194.0 
168.0 
258.0 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



131 

EXAMPLE 18: Multiple Analvte Protocol 

Test . surfaces and conjugated antibody preparations 
were produced as described in Example 16 for each of the 
following organisms, N. meningitidis, H. influenza Group 
5 B, Streptococcus pneumoniae, Streptococcus Group B, and E. 
coli Kl. The test device was designed to accommodate 
these five test surfaces which were mounted onto the 
elevated platforms within the device (see, Figs. 9 and 
11) . A fixed volume of individual conjugate preparation 

10 for each of the following organisms, N. meningitidis, H. 
influenza Group B, Streptococcus pneumoniae, Streptococcus 
Group B, and E. coli Kl was prepared. 

Equal volumes (75 fxl) of a cerebral spinal fluid 
(CSF) sample and this conjugate preparation were mixed 

15 before pipetting one drop (approximately 25 /il) onto each 
of the five antibody coated test surfaces. The CSF 
samples were prepared with known levels and known combi- 
nations of antigens derived from the test organisms, as 
described in Example 16. Samples were incubated for 2 

20 minutes, after which the test wafers were washed with 
deionized water and blotted dry. Substrate (TMB precipi- 
tating reagent) was added to each surface and incubated 
for 5 minutes. The wafers were washed with deionized 
water, blotted dry, and read. In this manner, a single 

25 sample was easily analyzed for the presence of one or more 
analytes. This poly- specif ic reagent maintained the 
specificity observed with the mono-specific reagents. No 
false positive responses were observed, and positive 
responses were comparable to the signal produced in a 

3 0 mono- specif ic test procedure. 

EXAMPLE 19: Strep A Assay Device 

The details of formation of the device shown in Figs. 
8A-8G is now provided. Monocrystalline silicon wafers, 
100 mm in diameter, polished on one side, 20 mil ± 2 mil 
3 5 were purchased from a semi-conductor supplier.. The wafers 
were coated with 4 95A ± 15A silicon nitride or titanium 
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dioxide using processes described above. . Each wafer was 
sawed to a depth of 3.5 mils generating a pattern of 0.75 
cm 2 sections. This allows the wafers to remain intact for 
subsequent processing. The wafers were then coated with 
5 the T-polymer siloxane as described in Example 5. A final 
polymer thickness of 100A ± 5A is used. Polymer coated 
wafers are cured for 24 ± 2 hours at 145°C ± 5°C. 

Polymer coated wafers were submerged in a solution 
containing 5 /xg/ml of an affinity purified rabbit anti- 
10 Strep A antibody in 0.1 M HEPES (N- [2 -Hydroxy ethyl] 
piperazine-N ! - [2-ethanesulf onic acid]) at pH 8.0. Wafers 
were coated with the antibody solution for 16-20 hours at 
2°C - 8°C. The wafers were rinsed with deionized water 
and then dried under a stream of nitrogen. A procedural 
15 control was applied to the center of each 0.75 cm 2 using an 
x,y translational stage. A 1-2 /il spot was applied and 
incubated for 3 minutes at ambient temperature (20°C) . 
The concentration of antigen used was empirically deter- 
mined to provide an intermediate color change. Antigen 
20 was mixed in deionized water. The antigen solution was 
rinsed from the surface with deionized water and then 
dried under a stream of nitrogen. The wafers were then 
submerged in a solution containing 0.5% of degraded 
gelatin in 50 mM MOPS (3- [N-Morpholino] propane sulfonic 
25 acid), pH 7.0 for 20 minutes at ambient temperature. The 
wafers were removed from the solution and dried under a 
stream of nitrogen. The gelatin layer serves to stabilize 
the antibody coating, and aids in storage of the device. 
The wafers are purple in color. The gelatin layer was 
30 fully hydrated by exposure of the wafers to steam for 30 
seconds. The wafers were then air dried. The wafers will 
return to the original gold color. The wafers were then 
broken into individual 0.75 cm 2 test pieces. 

Referring to Figs. 8A-8G, the molded test device has 
35 the pre -cut absorbent pad placed in the bottom and the 
protective cover snapped into place. The upper laminate 
of blotting materials was placed in the lid of the device 
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and the protective cover snapped into place. A small drop 
of epoxy is applied to the raised pedestal in the center 
of the device and a test surface applied. The glue was 
allowed to set, and. then the device is closed and placed 
5 in the kit. 

The antibody preparation used to coat the surface, or 
a separate antibody preparation, was conjugated to HRP 
using standard peribdate chemistries described by Nakane. 
The exact dilution of conjugated antibody used in the mass 
10 enhancement reagent will depend on the level of HRP incor- 
poration and the affinity and avidity of the antibody 
preparation used. The conjugate preparation was diluted 
in a solution containing 50 mM MOPSO (3- [N-Morpholino] -2- 
hydroxypropane sulfonic acid), pH 7.0, 20 mg/ml of standard 
15 alkaline treated casein, 0.3% (v/v) Tween 20, and 0.5% 
(v/v) Proclin 3 00 (Rohm and Haas) . Conjugate solution was 
dispensed into Wheaton Natural polyethylene dropper 
bottles. Delivered drop size was approximately 30 /xl. 
All other reagents were also dispensed into the Wheaton 
2 0 Natural dropper bottles. 

Extraction tubes were prepared by dispensing 100 fil 
of a solution containing 2.3 M NaN0 2 and 0.01% isopropanol 
into polyethylene tubes and allowing the solution to dry 
onto the tube. This may be accomplished by drying at 
25 ambient temperature, under circulating air, or at 45°C. 
The reagent composition was as follows: 

0.25 M Acetic Acid with 0.035 mg/1 
bromcresol green 

1.5 M MOPSO, pH = 7.3, with 0.2% (v/v) 
30 Tween 20, 0.5% (v/v) Proclin 300, and 20 mM 

EDTA. 

Conjugate. 

Deionized water containing 0.1% Proclin 
300. 

35 Reagent #5 ; Commercial preparation of precipitating 

TMB. 



Reacrent 


#1 


Reaaent 


#2 


Reaaent 


#3 


Reaaent 


#4 


Reaaent 


#5 
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The test procedure for use of this device was as 
follows. 

1. Remove reagent (s) from refrigerated storage and allow 
to warm to room temperature. 
5 2 . Remove an extraction tube containing dry reagent from 
the kit and place it upright in a rack or holder. 

3. Label extraction tubes and test devices with 
appropriate patient information. 

Place test devices on a level surface while the assay 
10 is being performed. 

4. Add 3 drops of Reagent 1 into the extraction tube and 
shake it gently to dissolve the dry reagent in the 
bottom. The liquid should become light green in 
color when dissolved and properly mixed. Color 

15 change in the extraction tubes may not be evident 

with bloody specimens, however assay performance is 
not affected. 

5. Within 1 minute, place a throat swab containing a 
specimen or positive control into the tube. Press 

20 the swab against the sides of the tube while rolling 

the swab so that the liquid is moved in and out of 
the fiber tip. Allow the swab to incubate in the 
extraction solution for a minimum of 2 minutes. 

6. Hold the swab shaft to the side and add 3 drops of 
25 Reagent 2 directly into the extraction tube. Use the 

swab to mix the reagent with the extract until the 
solution color changes from green to blue. 

7. Separate the extraction solution from the swab by 
rolling the swab against the wall of the extraction 

30 tube while squeezing the sides of the tube as the 

swab is withdrawn. Discard the swab and retain the 
contents of the tube. Retain as much fluid from the 
swab as possible. 

8. Add 1 drop of Reagent 3 to the extract and mix 
35 thoroughly. Do not let stand more than 30 minutes. 

9. Use a clean transfer pipette to transfer 1 drop of 
the solution directly onto the center of the surface 
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of the corresponding test device. Do not cover the 
entire surface ofrthe test device. 
10 . Incubate the drop on the test surface for 2 to 5 
minutes . 

5 11. A vigorous wash of 1-2 second duration is important. 

Rinse the surface of the device using Reagent 4 wash 
solution with care not to exceed the capacity of the 
absorbent material surrounding the device. 

12. Confirm that the blotting device is in position #1. 
10 Close the lid of the device momentarily to remove 

residual moisture from the surface. Blot with a 
clean surface each time blotting is necessary. 
Blotter should be in position I when blotting for the 
first time. If in position II, move to position I 
15 for the second blot. Repeated blotting in the same 

position may compromise test results. 

13 . Open the lid and apply 1 drop of Reagent 5 directly 
onto the center of the surface of the test device and 
incubate for 4 to 10 minutes. If placement of the 

20 first drop was not directly onto the center of the 

device, place the Reagent 5 drop directly over the 
area of the first drop. 

14. Vigorously rinse the surface of the device for 1-2 
seconds using Reagent 4 wash solution. 

25 15. Move the blotter in the top of the device to position 
#2 and close the lid of the device momentarily to 
remove residual moisture from the surface. Open the 
lid and examine the test surface for a color change. 
POSITIVE RESULT: 
3 0 Solid blue /purple colored reaction 
circle of any intensity appears in 
the center of the device surface . 
NEGATIVE RESULT: 

No blue/purple colored reaction circle of any 
35 intensity appears on the test surface. 

A Procedure control is present on each test surface. 
It appears as a small blue/purple dot in the center of the 
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test surface upon completion of each positive or negative 
test. A negative test result will show only the procedure 
control . A positive test result will show the procedure 
control within the reaction circle. With very strong 
5 positive results, the procedure control may be less 
apparent within the reaction circle. 

If the procedure control does not appear, the 
procedure can be repeated following the instructions. The 
reacted test surface and the color change associated with 

10 a positive reaction will not deteriorate over time. 
Therefore, the test device may be considered a permanent 
record. If a test device is to be saved for reference, 
the blotting material in the lid should be removed and 
disposed of in a biohazard container, and the device 

15 should be closed for storage. 

•p.YRMPT J5 7-0: fifinsitiv^v of OIA Device 

The analytical sensitivity of Strep A OIA was com- 
pared with commercially available Strep A kits using a 
cell suspension of a known density and extracting an 
2 0 aliquot of this suspension according to each kit's assay 
protocol. Streptococcus pyogenes, Lancef ield group A, was 
obtained from the American Type Culture Collection (ATCC 
#12344) as primary culture on a slant tube. Cell suspen- 
sions were made sterile normal saline and serially diluted 
25 with the normal saline. Results from the study demon- 
strate at least a 10-100 fold greater sensitivity in the 
OIA device of this invention compared to at least six 
commercially available test kits. 

Table 17 compares the clinical sensitivity of the 
30 Strep A OIA to the product insert claims of several 
commercially available rapid Strep A assays. The majority 
of these rapid assays discard all samples with Strep A 
colony counts of less than 20, however, in the numbers 
presented for the Strep A OIA assays none of the samples 
35 were discounted. Strep A OIA demonstrates a significant 
improvement in sensitivity relative to these rapid tests. 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



137 



-o 

CD 



CO 
00 

co 



111 



CD 
CO 



CN 

00 
CO 



CD 



CO 



in 

in 
o 



in 



CD 



00 



CD 
X* 

m 
H 



CD 

as 

CO 
-U 

m 
o 

M 

x: 

4J 

o 



Q4 

o 

s 

o 

c 
o 

-H 
4J 

o 



CD 
4-> 



CD 
CD 
H 



C 
O 
CD 
•H 



4-> 

u 

CD 



5 



o 
u 
o 
u 
O 

4J 

I - 



TO 

C 
O 
< 



co 



0) 
C/) 



o 
o 



o 
o 

O 

© 
2 



E £ 

«] 

O CO 



> 






*o 












*o 

D 
Q 


00 


a 




co 







CO 

CO 
00 



c 

1 

CD 



c 
E 
o 

I 

CM 



S 

« § 

© — <D 
CO O 

CO m 

CO CO 

<0 _ w 

a o to 



CD 

o » — 



Q- TO | 

Ml 4-1 3 

oc co -o 

h .2 S 

CO GQ CL 



CO 
CT) 



in 

-* 
co 



co 

CD 



E 

CN 



E 
o 

r— 
i 

CN 



■•— o -k 

< O CO 



CD 

« 6 
< ■g = 

CI ^ * 
O CD CL 



E 
in 



c 
E 

o 

oo 



c 
o 



0) 

c 

t- - CO 

o 5 £ 
o E 
o g 



T3 

© 

CO 

o 
o 

< 



CD 
CO 



00 
CD 
CO 



+ £ 

J* CD 
O —J 

t CL O 

© £ -9 

K CO < 



CO 

CO 
CO 



c 
E 
in 



O 
co 

CM 



© 

*o 

"O CD 

© C 

^ C 10 

g ° -o 

o x p 

.O S © 

< JS E 



CL 

W (J 

CO c 

co o o 

-o «J © 

co .2 

U < CO 



CM 

5> 



CM 
CO 



o 

CO 



o 
c 



o 

CM 

i 

CO 



CD 
"O 



CO 
00 



"I 



I 
CM 



CD 



•d O CD 
QJ © C 

t; c fl 
co c jr 
o o -o 
owe 



CN O 

CJ 

c CO c 

© ^ o 

tS Q..E 

.? £ o 

O CO o 



TJ 
© 



© 



CO •= 

8 kS 
< is © 



3 

O CO 

o © .H 

-9* 8 S 



© ct o 



© £ 



© = O) 



CD © 

co 5 5 



a 
© 

CO 

,c 

CD 
D3 
© 

© 
Q. 

2 
© 

V- 

=3 

CO . 

*5 

c • 

© co 

E § 

Ei 

o o 

^ CD 

*0 CO 
© 

© r- 
O 

°-o 

© CD 
© © 
Q 00 



tr 

CD 
CO 



CO 

u 

. CO 
CO Q. 

5 .E 

© © 

CD « 

© > 

^ © 

© *" 

CD *^ 

CL O 



■s " 

E g 

2 8 

T3 CD 

■*-> © 

« "5. 

3 i 

r= © 

© r- 

o E 
© 

© CL 

a co 



«- CM CO 



in 



in 



o 

CM 



in 

CM 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



10 



138 

Swabs were collected from patients presenting 
symptoms of pharyngitis using a single swab and standard 
specimen collection techniques. Four independent labora- 
tories were used in the study. Immediately after the 
specimen was collected, the swab was returned to the 
transport tube and the capsule containing transport media 
crushed. Each site inoculated a 5% Sheep blood agar (SBA) 
plate with a specimen and plates were then incubated at 
35 o C _ 370c. Two of four sites incubated the plates under 
anaerobic conditions for 24 to 48 hours and two sites 
incubated the plates in an enriched C0 2 environment. Each 
site reported results as negative or positive with 
positives confirmed by a serotyping method. 

After inoculation, the swab was returned to the 
15 transport tubes and assayed following the Strep A OIA test 
procedure. Three drops of acid generating solution were 
added to extraction tubes and mixed well to dissolve a 
dried reagent. The swabs were placed in the extraction 
tube, thoroughly saturated with extraction reagents, and 
20 allowed to incubate for 2 minutes in the solution. Three 
drops of neutralizing solution were added to the extrac- 
tion tubes and the swabs were used to mix the reagents. 
The extracted swabs were expressed against the. side of the 
tube, then discarded. This extraction technique is common 
25 to most rapid GAS tests and liberates GAS antigen from the 
bacterium. 

One drop of catalyst was added to the extract and 
mixed thoroughly. A drop of this solution was applied to 
the center of the test piece (Figs. 8A-8G) . Samples were 

30 incubated on the test surface for 2 minutes, then the test 
surface was rinsed with water and blotted dry by closing 
the lid. A drop of mass enhancer was applied to the 
center of the test surface and incubated for 4 minutes. 
The surface was again rinsed with water and blotted as 

35 before. The test results were determined without 
knowledge of the culture results . 
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An enhanced culture method was designed to confirm 
the presence of bacteria. In this method, the pledgets 
(plugs separating transport media and swab) were removed 
from all transport tubes, placed in Todd-Hewitt broth and 
5 incubated for 24-48 hours at 35°C-37°C. If growth pat- 
terns consistent with the bacteria were observed, colonies 
were selected, re- isolated if necessary, and confirmed 
using a commercially available Streptococcus serotyping 
kit. 

10 In a clinical study a total of 778. samples from four 

sites were examined. The SBA culture method determined 70 
specimens to be positive, 4 of these specimens were deter- 
mined to be negative relative to the enhanced culture 
method. The enhanced culture method determined that 92 

15 specimens were positive. The sensitivity of SBA culture 
was 71.7% relative to the enhanced culture method for the 
frequency and population tested. These data support 
previous literature results showing conventional SBA 
culturing methods to be less sensitive than enhanced 

20 culture methods. Therefore, the consideration of conven- 
tional SBA culture methods as the "gold standard" should 
be re -evaluated. 

OIA results were evaluated relative to both SBA 
culture and enhanced culture methods. The Strep A OIA 

25 yielded a sensitivity of 92.9%, a specificity of 94.8%, 
and an accuracy of 94.6% relative to the SBA culture, for 
the frequency and population tested. Strep A OIA appears 
to lack specificity relative to the SBA culture methods. 
However, the actual limitation lies in the SBA "culture 

3 0 technique as 26 of the apparent Strep A OIA false 
positives were, in fact, true positives. The sensitivity 
of the Strep A OIA relative to culture appears to be 
reduced because of 4 SBA positive results which were Strep 
A OIA negative. These results were later determined to be 

35 culture non-isolates by the enhanced culture method. 
Strep A OIA detected 91 out of 92 enhanced culture posi- 
tives yielding a sensitivity of 98.9%. It is important to 
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note that the performance results include all data 
collected, irrespective of colony count. 

PiVAMPtiE 21: Instrument Rea ding Protocols 
1) Photodiode Modified Comparison Ellipsometer 
5 The Comparison ellipsometer was modified as previ- 

ously described above. The eyepiece was connected to a 
CCD camera to allow samples to be centered in the ellipt- 
ical reticle. The zoom was adjusted so that the sample 
spot is completely enclosed in the ellipse. 
10 The test strip used in the assay was 1 cm wide and 4- 

5 cm in length. These dimensions are easy to handle 
manually. Any dimension of test piece may be used with 
the proper design of sample positioning devices. Samples 
were applied as 20 /xl drops evenly spaced along the length 
15 of the slide . One section was left for measurement of the 
test surface background. ■ Samples were assayed as 
described in the previous examples. 

The test strip was placed on the instrument's sample 
platform and the background section of the surface was 
20 centered in the ellipse. The sample platform has x,y 
positioning capabilities. Once the test surface was posi- 
tioned, the background reading was taken at the photo- 
diode. An LED displays the background intensity of the 
background section in volts. Computer software may also 
25 be designed to record the background intensity. After 
this measurement was complete, the platform was advanced 
to record a reading from a negative sample. The voltage 
was recorded directly, or may be recorded as sample minus 
background. The platform was advanced until all samples 

30 were measured. 

The instrumented read out may provide a qualitative 
answer of yes or no relative to a pre-set signal. The 
assay would include a negative control and a low positive, 
or cut-off concentration and objectively evaluate samples 

35 relative to this threshold value. 
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If the assay is quantitative, the test surface or 
test device will allow measurement of a negative control 
and one or more known positive controls. Samples values 
will be compared to this curve for quantitation. Positive 
5 controls may cover several broad ranges if a semi- 
quantitative answer is adequate for the application being 
considered. 

Monochromatic Light Source, Comparison Ellipsometer 

This instrument has a smaller optical path due to the 
10 use of a light source that is collimated, a smaller refer- 
ence surface, a smaller sample platform, polarizers 
positioned immediately next to the light source and the 
detector, and eliminating the lens system required for 
visual examination of the surface. 
15 The reading protocol for this particular instrument 

accommodates five separate samples or four controls and 
one sample or two controls and three samples, etc. The 
sample slide is connected to a rotating post which con- 
trols the slides position. Alignment is not achieved by 
20 visual placement, but by sample placement on the test 
surface and the platform advancement. Any arrangement of 
the test surface may be used by modifying the x,y posi- 
tioning platform. This allows the use of a test surface 
which can examine a large number of samples. 
25 This instrument uses a photodiode detector which is 

masked to match a fixed sample size and the slide posi- 
tioning and sample application allows the sample spot to 
fill the mask. Readings are made from an LED display in 
the cover of the instrument. Readings are in millivolts. 

EXAMPLE 22: Group B Streptococcus 

An optically active test surface was produced by 
immobilizing either a polyclonal or monoclonal anti-GBS 
antibody on the previously described siloxane coated 
surface. The antibodies were group specific, but may be 
to any of the group specific epitopes found on the GBS 



30 



35 
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polysaccharide. The polyclonal preparations used were a 
protein G purified IgG fraction that was adsorbed to whole 
cells. The coating antibody concentration was in the 
range of 150 to 500 ixg of antibody per 100 mm wafer, and 
was coated at 2 - 8 degrees C for 12 to 16 hours. The 100 
mm wafer may or may not possess a 495 A silicon nitride. 
In particular, a monoclonal antibody was found to coat 
best at 200 - 300 fig/ wafer in a buffer containing 50 mM 
Sodium Acetate at pH 5.0. A polyclonal antibody was found 
to coat the surface equally well but in a buffer contain- 
ing 0.1 M HEPES, pH 8.0. Buffers covering the pH range of 
5.0 to 9.0 have been demonstrated to provide an effective 
antibody coating. Once the antibody was immobilized on 
the test surface, an overcoat of 0.5% degraded gelatin in 
15 50 Mm MOPS, Ph 7.0 is applied as previously described. 
Antibody coated test surfaces were placed in single test 
devices prior to use. 

For mass enhancement of the GBS assay, a group 
specific polyclonal antibody preparation was conjugated to 
20 HRP using the Nakane periodate method. Conjugation of the 
antibody to HRP at high Ph, greater than 9.75, resulted in 
an increase in non-specific binding. Optimal conjugating 
Ph was established at 9.0 to 9.75. 

The GBS group specific antigen was extracted from the 
25 organism using an acid extraction protocol. A mixture of 
0.25 M acetic acid and 2.3 M sodium nitrite was used to 
generate hyponitrous acid. The acetic acid was found to 
effectively extract the GBS antigen in the range of 0.1 M 
to 1.0 M. Antigen was extracted from the organism for 2 
30 minutes. For all results described here, ATCC strain 
number 12386 was used. The solution was neutralized using 
an buffer containing 1.5 M MOPSO, Ph 7.3, 0.2 % Tween20, 
0.5% Proclin300, and 20 Mm EGTA by adding an equal volume 
of the neutralizing buffer. A final Ph range of 6.0 to 

35 7.5 is desired. 

The extracted antigen was mixed 5:1 (sample: 
conjugate) with a 1:150 dilution of the conjugate prepara- 
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tion containing 50 Mm MOPSO, Ph .7.0, 20. mg/ml alkaline 
treated casein, 0.3% Tween20, and 0.5% Proclin300. A 
sample : conjugate ratio of between 3:1 and 10:1 was 
acceptable. The sample/conjugate mixture was incubated 
5 for 5 minutes at room temperature, then 20 fil of the 
mixture applied to the test device and incubated for 5 
minutes at room temperature. The devices were used as 
previously described for washing and drying the test 
surface. After the test surface was dried, a drop of TMB 

10 precipitating substrate was applied to the device and 
incubated for 5 minutes at room temperature. After the 
wash/dry protocol was completed, the test result was 
interpreted. When instrumented results are desired, the 
wash dry protocol is accomplished by rinsing the test 

15 surface under a stream of lionized water and drying under 
a stream of nitrogen. The initial incubation of sample/ 
conjugate was not required but was observed to increase 
the sensitivity of the assay. Assay sensitivity could be 
further increased with additional incubation time. 

2 0 The current GBS assay demonstrated excellent 

tolerance to changes in the final extraction Ph. The 
visualization of a low positive was not effected by a 
change in Ph over the range 6.75 to 8.0, see Table 19. A 
visual scale was established for scoring results, wherein 

25 a 1+ or 2+ was a very weak purple spot on a gold back- 
ground. A value of 10+ is a very strong blue result. 

Table 18 

GBS Sensitivity as a Function of Assay Time 
Sensitivity 8 Total Assay Time b 

30 3 x 10 6 5 C 

3 x 10 4 10 d 
3 x 10 3 15 c 
a Sensitivity is expressed in the number of cells/swab. 
b Time is in minutes. 
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c incubation times were 1 minute. for sample/conjugate; 2 
minutes for the sample on the surface; and 2 minutes for 
substrate . 

« incubation times were 5 minutes each for the sample on 
5 the test surface and substrate. 

Incubation times were 5 minutes each for the 
sample/conjugate, sample on the surface, and substrate. 

Table 19 

CTS DETECTTDN AS A F ACTION OF THE FINAL ASSAY pH 
10 Cells P H6.75 P H7 . 0 pH7.25 pHT^S P H7 . 75 pH8^0 
3xl0 6 
3x10 s 
3xl0 4 
0 

15 EXAMPLE 23; Chlamydi a Detection 

An optically active test surface, with or without the 
495 A silicon nitride coating, was coated with the poly- 
meric siloxane, T-polymer, as previously described. These 
polymeric coated supports were further coated with 
20 solution of between 1 and 10 /ig/ml of bovine serum albumin 
(BSA) in 100 Mm sodium carbonate, Ph 9.6, at 2 - 8 degrees 
C for 12 to 16 hours. Subsequently, the test surface was 
coated with 0.5% degraded gelatin in 50 Mm MOPS, Ph 7.0, 
at room temperature for 20 minutes and then dried under a 
25 stream of nitrogen. Coated test surfaces were mounted 
into the single use test devices previously described. 

The Chlamydia specific LPS antigen was extracted from 
the synthetic fiber swab used for sample collection by 
immersing the swab in a solution (approximately 120 fil) of 
30 0.01 M PBS with 0.1% (w/v) chenodeoxycholic acid (CDOC) , 
sodium salt, which had been alkalized with 10 fil in 1 ml 
of buffer of 1.0 N NaOH to a final Ph of 11.5. Initially 
the CDOC was solubilized in absolute methanol at 0.2 g/ml. 
The swab was ideally vortexed in this solution for approx- 
35 imately 10 seconds and then incubated for 5 minutes at 



a 
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room temperature. The swab was then expressed of residual 
solution by squeezing the flexible extraction tube (poly- 
propylene) . An equal volume of 100 Mm Na 2 HP0 4 with 0.1% 
CDOC at Ph 7.0 was added to adjust the final pH to between 
5 7.0 to 7.5. 

A mass enhancement reagent was prepared by conjugat- 
ing an anti- Chlamydial LPS antibody to HRP using the 
method of Nakane. The stock conjugate was diluted 1:75 to 
1:200 in a diluent containing 50 mM MOPSO, pH 7.0, with 20 
10 mg/ml of alkaline treated casein, 0 . 3% . tween20 , and 0.5% 
Proclin500. 

Approximately 30 /zl of the extracted sample was put 
onto the BSA/polymeric siloxane test surface and incubated 
from 5 to 10 minutes at room temperature. Then approxi- 

15 mately 30 ftl of an anti -Chlamydial LPS antibody conjugated 
to HRP was added to the sample spot on the test surface 
and incubated for 1 to 5 minutes at room temperature. The 
test surface was washed with 1 to 2 ml of water and dried 
in the device as previously described. Approximately 30 

20 /xl of the TMB precipitating substrate was applied to the 
surface and incubated for 10 to 15 minutes at room temper- 
ature. The test device was washed and dried as previously 
described. 

Alternatively, an antigen preparation was serially 
25 diluted from 1:100 to 1:320 in 0.01M PBS, pH 7.4. Three 
fold serial dilutions were performed. Five /xl of these 
dilutions were added to 500 /xl of 0.1% chenodeoxycholic 
acid in 0.01M PBS with 10 mM NaOH (final pH was 11.5). 
These were vortexed and allowed to sit for 5 minutes at 
30 room temperature. Five hundred /xl of 100 mM phosphate 
buffer (mono and di basic mix) was added to neutralize the 
extraction buffer and 15 /il of this added to the wafer 
surface. This was incubated on the surface for io minutes 
at room temperature. A 15 /xl aliquot of a 1:75 dilution 
35 of an anti-LPS antibody-HRP conjugate was added directly 
to the antigen spot on the surface and incubated at room 
temperature for the designated time. The wafer was washed 
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with deionized water and blown dry under a stream of 
nitrogen. Substrate (30^1) was applied to the antigen/ 
conjugate spot and incubated for the designated time. The 
wafer was washed and dried as before and the intensity of 
5 captured antigen recorded with the photodiode modified 
Comparison Ellipsometer . The data was corrected for 
background. Readings are in millivolts are the average 
value for 2 readings, see Table 20. Table 20 demonstrates 
the effect of increased incubation times on the 
10 sensitivity of the assay. 

Table 20 
Incubation Tim es (minutes) 
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EXAMPLE 24 : Human Ant i -HIV Det ection 

A silicon wafer, 100 mm diameter, was coated with 
polybutadiene (PBD) as previously described. The PBD 
coated optical test surface was coated with 20 fig /ml of a 

20 synthetic peptide corresponding to GP41 of the HIV virus 
which was conjugated to bovine serum albumin (BSA) . This 
antigen preparation was diluted in 10 mM Potassium 
Phosphate, 0.85% NaCl, at pH 7.0, and the test surface was 
coated with the antigen for 2 to 3 hours at room tempera - 

25 ture with agitation. The test surface was removed from 
the coating solution, rinsed with deionized water, and 
dried under a stream of nitrogen. The gp41 protein is 
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very hydrophobic and binds well to the hydrophobic PBD 
surface . 

A series of seronegative and seropositive human serum 
samples were used to test the GP41/BSA coated surface. 
5 Five microliter samples of serum were applied to the test 
surface and incubated for 15 minutes at room temperature. 
Antibody capture on the antigen surface was measured using 
the Comparison ellipsometer modified with a CCD camera. 
Results were reported in Grayscale units. 

10 Table 21 

Host Antibody Capture on a gp41 Surfan^ 
Seropositive Serum Grayscale Seronegative Serum Grayscale 
93.07 8.83 
43.53 . 3.65 
15 48.64 5.51 

60.29 7.64 
65.36 3.62 

The average value reported for a seronegative serum 
was 5.85 ± 2.1 grayscale units making any value of 12.15 
20 grayscale units ( negative + 3 standard deviations) a posi- 
tive response. The varying level of grayscale reported 
for the seropositive samples reflects varying antibody 
titers. 

A recombinant antigen preparation which was a fusion 
25 of gp41 and p24 of the HIV virus was also evaluated as a 
coating material for the optical test surfaces of this 
invention. A 100 mm diameter silicon wafer was coated 
with PEI as previously described. This optical test 
surface was submerged in a coating solution containing 2.5 
3 0 fig/ml of the fusion protein in 50 mM sodium carbonate, pH 
8.0 and incubated for 3 hours at room temperature. The 
optical test surface was then rinsed with deionized water 
and dried under a stream of nitrogen. The optical test 
surface was tested for response to serum controls: nega- 
35 tive, low, medium, and a high positive anti-HIV. Five 
microliters of each serum sample was applied to the 
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surface and incubated for 15 minutes at room temperature. 
Surfaces were rinsed with deionized water and dried under 
a stream of nitrogen. Results .were obtained with the 
modified Comparison Ellipsometer as described above. 



5 Table 22 

Anfibodv Capture bv op41/p24 

fiprutn Sample Orayscale Value 

Negative 0 - 0 

Low 29.28 

10 Medium 41.22 

High 52 . 94 

F.XAMPLE 25; RSV Detection 

Optically active test surfaces were coated with the 
polymeric siloxane as previously described. These 
15 surfaces were placed in a 10 pg/ml polyclonal anti-RSV 
antibody solution. A number of buffers were examined in 
the antibody coating step, including HEPES, pH 8.0; 
Acetate, pH 5.0; Carbonate, pH 9.5; Borate, pH 8.0; and 
Phosphate, pH 7.4. All buffers were 0.1 M in concentra- 
20 tion. The 0.1 M sodium carbonate, pH 9.5 was found to be 
optimal. Surface preparations were analyzed using a 
sequential assay. A 20 /tl aliquot of positive control was 
applied to the surface and incubated for 10 minutes at 
room temperature. Surfaces were rinsed with deionized 
25 water and dried under a stream of nitrogen. Antibody-HRP 
conjugate (20f*l) was applied to the test surface, 
incubated 10 minutes, washed, dried, and then 20 pi of 
precipitating substrate applied for 10 minutes, followed 
by a wash/dry step. Antibody was coated for 12 to 16 
30 hours at 2 - 8 degree C. The surface was rinsed and 
incubated for 20 minutes at room temperature in a solution 
containing 0.5% degraded gelatin, 50 mM MOPS, pH 7.0 and 
then dried under a stream of nitrogen.. 

The mass enhancement reagent was prepared by the 
35 Nakane method. A monoclonal antibody to the nuclear 
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peptide of RSV was conjugated to HRP . The stock conjugate 
was diluted 1:30 to 1:250 in a solution containing 50 tnM 
MOPSO, pH 7.0, and 20 mg/ml alkaline treated casein, 0.3% 
Tween20, and 0.5% Proclin300. 
5 An alternate assay protocol involved thoroughly 

mixing 30 fxl of a nasal washing with 30 /xl of 10% Tween20 
in PBS and 30 /xl of a 1:40 dilution of the conjugate. A 
3 0 /il aliquot of this sample was applied to the test 
surface and incubated for 12 minutes at room temperature. 
10 The rinse and drying protocols described for the single 
use test device were used. TMB precipitating substrate 
was applied to the surface, incubated for 8 minutes at 
room temperature, rinsed, and dried prior to 
interpretation. 

15 Table 23 

RSV Standard Curve 
Fold Dilution Ellipsometric Intensity (mV) Visual 
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1+ 


1:160 


0.0694 


2+ 
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2+ 
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3+ 
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4+ 
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0.5235 


5+ 


1:5 


0.8833 





An UV inactivated antigen preparation from the Long 
Strain of RSV was purchased and contained a total of 2 x 
30 10 s PFU. This antigen preparation was diluted in buffer, 
1:1, and assayed as described above. 15 fil of each sample 
was applied to the surface and represented 7.5% of the 
total antigen available. 
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Table 24 
KSV Standard Curve 
aafcjggn Cone. fill i pflometri c Intensity (mV) 

" 0 0.0079 

5 1 X 10 5 1 - 0221 

1 x 10 4 °' 3124 

2 x 10 3 °- 0466 

gyaMPTiB ?.£ Mavplena f h Dependence For ft Thin Film 
Analyzer 

10 Lundstrom, et al., US 4,521,522, describe an 

instrument in which an incoming light beam passes through 
a polarizer and is reflected off the film at Brewster's 
angle for the substance to be measured. The incident 
radiation. is polarized parallel to the plane and angle of 

15 incidence. The instrument requires the use of only one 
polarizer, however, when a second polarizer is used it 
must be set to exactly 90° relative to the first polar- 
izer. A single polarizer is all that is required as there 
is no change in the polarization of the incident light 

20 upon reflection. For this polarization there is no change 
in the polarization for any incidence angle, demonstrated 
by the fact that the polarizer may be situated in either 
the incident or reflected beams . Only that part of both 
the light incident on the sample and the reflected light 
25 which is polarized parallel to the plane of incidence is 
measured . 

The method is based on the minimum in reflectance 
observed at this angle when light polarized parallel to 
the plane of incidence is incident on the interface 

30 between dielectric media. This phenomena is only observed 
at Brewster's angle. A substrate with a high refractive 
index is required. A metal, which is highly reflective, 
but has a low refractive index has too shallow a 
reflection minimum for this technique. 

35 For better signal resolution of small thickness 

changes, the above method requires a layer of oxide over 
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the substrate to shift the minimum reading to an accept- 
able position in the reflection curve observed for polar- 
ized light, allowing a small thickness change to produce 
a 'larger change in the reflected light intensity. When an 
5 attachment layer is included, it is included for optimiza- 
tion of the substrate relative to the reflectance minimum, 
and not to increase performance of the receptive material. 

With the pure parallel polarized light (p-polarized) 
described by Lundstrom a very minor change in the % 

10 reflectivity is observed with analyte binding; there is no 
change in the polarization of the light. In the current 
invention, in addition to the p - polarized light, there 
are also components of perpendicularly polarized light (s- 
polarized) in the incident light beam. Very large changes 

15 in rotation of the polarized light are observed upon 
interaction with thin films and these changes in the 
polarization rotation are measured as well as any change 
in intensity. 

For very large angles of incident light, using the 
20 current invention, some degree of ellipticity can be 
generated in the light reflected from the test surface. 
The current invention maximizes a change in polarization 
rotation upon .reflection with added mass, and ' is not 
associated with a minimum in reflectivity. The rotation 
25 of polarization upon reflection observed with the current 
invention is entirely absent for pure parallel polarized 
light. An additional advantage of the current invention 
is that nearly any substrate and dielectric thin film may 
be used, since it does not rely on the Brewster angle. 
30 Also the angle of incident light is not critical and does 
not have to be changed with the type of substrate 
material . 

The current invention uses a monochromatic, colli - 
mated, light source such as a laser. It also includes a 
3 5 polarizer between the light source and the test surface 
oriented such that both p- and s -polarized components are 
incident on the surface. If the light source is suffi- 
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ciently well polarized this polarizer is unnecessary. The 
light reflected from the surface passes through a second 
polarizer (the analyzer) and enters a photodiode. The 
fraction of s -polarized, light is selected to maximize the 
5 signal change as a function of thickness while maintaining 
a low background light intensity. The light becomes 
elliptically polarized upon reflection, with the elliptic- 
ity and angle of rotation of polarization depending in a 
very sensitive manner on the optical properties of the 
10 surface. In a comparison ellipsometer , such as described 
in U.S. Patents 4,332,476, 4,665,595, and 4,647,207, the 
light is then reflected off a reference surface which 
cancels that ellipticity in regions where the reference 
surface is optically identical to the sample surface. The 
15 current invention does not require a reference surface 
because it is not designed to establish the exact physical 
thickness or refractive index of a given material, 
instead, the intensity of the light passed through the 
analyzer provides a measure of the polarization rotation 
2 0 concomitant with the ellipticity, and hence a relative 
measure of optical properties of the surface. Thus, it 
provides a simple means to measure the change in the 
thickness and refractive index of the surface materials. 

The measurement protocol is essentially unmodified 
25 from the instrument above using x, y positioning platforms 
to determine where readings are made. However, the analyz- 
ing polarizer must be rotated to a pre- selected value for 
the background prior to making an initial reading. The 
preferred embodiment includes a polarizer near the ana- 
30 lyzer. Light is transmitted through the analyzer to a 
detector. Readings may be recorded in volts or milli- 
volts. Readings may be displayed on an LED or other 
display device or captured by a data processing package. 

The impact of thin films on the lightness and 
.35 wavelength dependence of light reflected from silicon was 
modeled with a computer simulation. The response of a 
thin film with a refractive index of 1.459 was modeled 
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using a silicon surface and varying the thickness from 0 
to 12 nm. The wavelength ranges examined were 400 - 420 
nm, 540 - 560 nm, and 680 - 700 nm. An increase in light- 
ness from the minimum lightness to the maximum lightness 
5 represents an increase in light intensity as a function of 
an increase in thickness. The lightness is a logarithm 
function of light intensity. From this data, the maximum 
sensitivity change as a function of thickness was achieved 
with a 540 - 560 nm light source. These data were gener- 
10 ated using a 70° angle of incidence and the values will 
change slightly with the angle of incidence. 

Table 25 

Wavelength Min. Lightness Max. Lightness Change 

400 - 420 -6.5 -4.5 -2.0 

15 540 - 560 -4.2 -1.7 -2.5 

680 - 700 -6.0 -4.3 -1.7 

To confirm these observations, a standard antigen 
dilution curve was generated using the 9 minute assay 
protocol described in example 28. Intensities from the 

2 0 antigen dilution curve were measured, using the photodiode 
modified Comparison Ellipsometer , as a function of inci- 
dent light wavelength. As the Thin Film Analyzer is a 
simplification of the Comparison Ellipsometer similar 
results are anticipated. Varying wavelengths of incident 

25 light were achieved by filtering white light through a 
narrow bandpass filter to select specific wavelengths. 
All filters were Corin P70 series filters. 
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EXAMPLE 27: Thin Film Analyzer Angle Dependence 

The thin film analyzer shown in Fig. 14a was used 
with a 672 nm diode light, source and the dual polarizer 
set-up diagrammed. The laser diode and photodiode were 
5 both mounted to accurately assess the angle of incidence 
and detection relative to a normal angle of incidence. 
Strep A antigen dilution curves were used to examine the 
angle dependence of the analyzer. The detector used with 
the thin film analyzer prematurely saturates, actual 
10 dynamic range is 3500+ mV. For a reference, the antigen 
curves were also examined with a small comparison ellip- 
someter also equipped with a 672 nm laser diode source. 

Table 27 
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Table 28 
Thin Film Analyzer 
Average 
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10 a Average mV signal from ten separate readings. 

* Data represents single measurement at these angles. 
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At angles of incidence in the range of 30° to 40°, 
the thin film analyzer demonstrates excellent sensitivity, 
and the dynamic range observed is suitable for assays with 
a 'limited range requirement, . The angles between 50° and 
5 60° meet both the requirements of sensitivity and dynamic 
range. Background cannot be sufficiently minimized with 
a single polarizer for angles above 65°. This background 
could be reduced by electronic means. The dynamic range 
at these angles is sufficient to allow such correction 
10 mechanisms. 

EXAMPLE 28 ; Comparison Ellipsometer Sensitivity For Strep 
A Assay 

A Strep A assay protocol was developed which further 
enhances the readability of low positive samples. The 

15 sample (Strep A antigen) was mixed with conjugate and 
incubated 3 minutes at room, temperature. An aliquot 
(20jil) of this mixture was applied to the surface and 
incubated for 3 minutes. The rinse/dry protocol was 
performed as described above, either in the single use 

20 device or under a stream of nitrogen. Substrate was 
applied and incubated for 3 minutes, followed by the 
rinse/dry protocol. Results for an antigen dilution curve 
prepared with test surfaces with and without (visual - 
versus - non- visual) silicon nitride. Visual results were 

25 scored for increasing hues of purple from pale purple to 
dark blue. Surfaces without silicon nitride were reacted, 
rinsed, and dried without incorporation into a single use 
device. These surfaces were examined with a photodiode 
modified Comparison Ellipsometer . Readings were reported 

30 in millivolts and corrected for a background measurement. 
An eight fold increase in the performance of the Strep A 
OIA assay was observed with the instrumented detection 
based on an antigen dilution study. A total of 5 curves 
were examined. 
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The test kit, the immunoassay device and the under- 
lying coating and detection methods described herein are 
15 not intended to be limited by the assay format described 
or by the volumes, the concentrations or specific ingredi- 
ents given for the various reagents, controls, and cali- 
brators. It should be understood that similar chemical or 
other functional equivalents of the components used in the 
20 layer, layer coatings, or in any of the various reagents, 
additives, controls,, and calibrators can be utilized 
within the scope of this invention. 

The foregoing examples serve to illustrate the 
efficiency and utility of this technology to detect a 
25 variety of analytes using the pre-formed slide consisting 
of a substrate, AR material (s), activation, and receptive 
material (s) to produce an interference color change as a 
signal of analyte attachment. 

Without being bound to the substrate formats or 
3 0 materials utilized in the preceding examples, it is 
possible to utilize a diversity of combinations of 
substrate formats and substrate materials which are 
functionally equivalent substitutes capable of having AR 
material bound to their surface, or are capable of being 
35 activated to allow attachment of the receptive material. 
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It is contemplated that the inventive concepts herein 
described may have differing embodiments and it is 
intended that the appended claims be construed to include 
all such alternative embodiments of the invention except 
5 insofar as they are limited by the prior art. 
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Claims 

1. An instrument configured and arranged to detect 
the presence or amount of an analyte of interest on the 
substrate of an . optical device, said instrument 

5 comprising: 

a source of linearly polarized, monochromatic light 
positioned at an angle other than Brewster's angle 
relative to the substrate; and 

an analyzer positioned at said angle relative to said 
10 substrate at a location suitable for detecting reflected 
polarized light from said substrate; 

wherein said analyzer is configured and arranged to 
approximately maximize the change in intensity of light 
reflected from the substrate that is transmitted through 
15 the analyzer when a change in mass occurs at said 
substrate relative to an unreacted surface. 

2. The instrument of claim 1, wherein the angle of 
the incident light is in the range of 30° to 70° from the 
normal relative to the optically active surface. 

20 3. The instrument of claim 1, wherein the angle of 

the detector is in the range of 30° to 70° from the normal 
relative to the optically active surface. 

4. The instrument of claim 1, wherein the polarizer 
is set from 0° to 15° off the total extinction point 

25 relative to the light source. 

5. The instrument of claim 1, wherein the 
monochromatic light source is 672 nm. 

6. The instrument of claim 1, wherein the light 
source is a single wavelength in the range of 540 - 650 

3 0 nm . 
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7. The instrument of claim 1/ wherein the light 
source is polychromatic and is filtered to provide a 
monochromatic source. 

8. The instrument of claim 1, wherein the detector 
5 is a single photodiode. 

9. The instrument of claim 1, wherein the detector 
is a photodiode array. 

10. The instrument of claim 1, wherein the light 
source is inherently linearly polarized. 

10 11. The instrument of claim 1, wherein the light 

source is linearly polarized by the passage through a 
polarizing means. 

12. The instrument of claim 1/ wherein the angle of 
incident light and the detector are approximately equal. 

15 13 . A method for analyzing an optical surface 

comprising the steps of: 

configuring and arranging an optical instrument to 
detect the presence or amount of an analyte of interest on 
the substrate of the optical device, said instrument 

2 0 compr i s ing : 

a source of linearly polarized monochromatic light 
positioned at an angle other than Brewster's angle 
relative to the substrate; and 

an analyzer positioned at said angle relative to said 
25 substrate at a location suitable for detecting reflected 
polarized light from said substrate; 

wherein said analyzer is configured and arranged to 
approximately maximize the change in intensity of light 
reflected from the substrate that is transmitted through 

3 0 the analyzer when a change in mass occurs at said 

substrate relative to an unreacted surface. 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



162 



14. An optical assay device comprising; 

an active receptive surface supported on a pedestal 
and held within a first container; said first container 
comprising first absorbent material located at the base of 
5 said pedestal, configured and arranged to absorb liquid 
draining from said surface, 

a second container, hingedly connected to one side of 
said first container, said second container comprising a 
second absorbent material, wherein said second container 
10 can be closed to said first container by rotation about 
the hinge, and wherein such closing causes said second 
absorbent material to contact said surface. 

15. The device of claim 14, wherein said second 
container further comprises a handle configured and 

15 arranged to cause said second absorbent material to move 
relative to the location at which said second absorbent 
material contacts said surface. 

16. The device of claim 14 or 15, wherein said 
device further comprises a moveable flap in said first 

20 container which is configured and arranged to prevent said 
second absorbent material from moving from said first 
container . 

17. The device of claim 14 or 15, wherein said 
device further comprises a moveable flap in said second 

25 container which is configured and arranged to prevent said 
second absorbent material from moving from said second 
container. 

18. The device of claim 16 or 17, wherein each said 
flap is hingedly connected to said first or second 

30 container. 
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19. The device of claim 16 or 17, wherein each flap 
is provided with one or more apertures to allow access to 
said surface or said second absorbent material. 

20. An optical assay device, comprising; 

5 a plurality of optically active surfaces supported on 

a base, said base comprising a first absorbent material 
configured and arranged to absorb liquid draining from 
said surfaces, and 

a slidable lid comprising one or more absorbent 
10 regions configured and arranged to contact said optically 
active surfaces during use of the device. 

21. The device of claim 20, wherein said device is 
provided with step means to allow stepped movement of said 
lid relative to said base. 

15 22. The device of claim 20, wherein said lid 

comprises a series of apertures which allow selected 
access to said surfaces during use of said device. 

23. The device of claim 20, wherein said lid 
comprises an elongated aperture and wherein said base 

20 comprises a series of indicia, wherein said elongated 
aperture cooperates with said indicia to indicate a method 
for use of the device. 

24. The device of claim 14, wherein the analyte of 
interest is the Human Immunodef iency Virus (HIV) I or II 

25 or a combination thereof. 

25. The device of claim 14, wherein the analyte of 
interest is Streptococcus Group A. 

26.. The device of claim 14, wherein the analyte of 
interest is Streptococcus Group B. 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



164 

27. The device of claim 14, wherein the analyte of 
interest is RSV. 

28. The device of claim 14, wherein the analyte of 
interest is Hepatitis B. 

5 28. The device of claim 14, wherein the analyte of 

interest is Chlamydia species. 

30. The device of claim 14, wherein the analyte of 
interest is HSV. 

31. The device of claim 14, wherein the analyte of 
10 interest is an antigen, an antibody, nucleic acid, oligo- 
nucleotides, chelators, enzymes, bacteria, viruses, 
hormones, environmental agents, metals, and receptors for 
said materials. 

32. The device of claim 14 or 20, wherein said 
15 device comprises an optically active, receptive surface. 

33. The device of claim 14 or 20, wherein said 
device is configured and arranged to measure the presence 
or amount of Streptococcus Group A antigen, Streptococcus 
Group B antigen, RSV, a Chlamydia or Hepatitis antigen. 

20 34. An optical assay device, comprising: 

an optically active receptive surface configured and 
arranged to allow simultaneous assay of a plurality of 
samples on said surface for one analyte of interest, and 
an automated liquid handling apparatus configured and 
25 arranged to dispense sample and reagent solutions to said 
surface . 

35.. The device of claim 34, wherein said device 
further comprises an optical reader to determine the 
result of each assay. 
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36. The device of claim 34, wherein said device 
further comprises a blotting or blowing means configured 
and arranged for drying said surface. 

37. The device of claim 14 , 20, or 34, wherein said 
5 device provides a quantitative assessment of a sample 

applied to said device. 

38. The device of claim 14, 20, or 34 wherein said 
device provides a qualitative assessment of a sample 
applied to said device. 

10 39. A method for producing an optical assay device 

comprising a substrate and one or more optical layers, an 
attachment layer, and a receptive layer, comprising the 
step of spin coating one said layer. 

40. The method of claim 39, comprising the step to 
15 spin coating an optical thin film on the surface of a 

substrate. 

41. The method of claim 40, wherein said optical 
thin film consists of titanium dioxide, titanates, silicon 
carbide, polysilizanes , aluminum alkyloxides, silicates, 

20 oxides of zirconium, or silicon nitride. 

42. The method of claim 40, wherein said film has a 
thickness between 25 and 600 A. 

43. A method for detecting the presence or the 
amount of the analyte of interest; 

25 comprising the steps of providing a device 

comprising; 

a substrate having an optically active surface 
exhibiting a first color in response to light impinging 
thereon, and exhibiting a second color comprising a 
30 combination of wavelengths of light different from said 
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first color or comprising an intensity of at least one 
said wavelength of light different from said first color 
in response to said light when said analyte is present on 
said surface in an amount of 50 fg or 2 x 10 3 organisms 
5 comprising said analyte; and wherein said second color is 
discernable in less than one hour after contact of said 
analyte with said device; and 

contacting said substrate with a sample potentially 
comprising said analyte under conditions in which said 
10 substrate exhibits said second color when said substrate 
comprises said analyte in a said amount and in said less 

than one hour; 

wherein said device is a thin film analyzer set such 
that said first color is a background intensity of light 
15 transmitted through the analyzer to a detector, and said 
second color is a change in intensity of the light trans- 
mitted through the analyzer to said detector relative to 
the first color. 

44. The method of claim 43, wherein said analyte is 
20 selected from the group consisting of rheumatoid factor, 

IgE antibodies specific for Birch pollen, carcinoembryonic 
antigen, Streptococcus Group A antigen, viral antigens, 
antigens associated with autoimmune diseases, allergens, 
a tumor or an infectious micro-organism, Streptococcus 
25 Group B antigen, HIV I or HIV II antigen or host response 
to said viruses, antigens specific to RSV or host response 
to said virus, antigens specific to Hepatitis or host 
response to said organism. 

45. A device for detecting the presence or amount of 
30 an analyte of interest, comprising: 

a substrate having an optically active surface 
exhibiting a first color in response to light impinging 
thereon,, and exhibiting a second color comprising a 
combination of wavelengths of light different from said 
3 5 first color or comprising an intensity of at least one 
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said wavelength of light different from said first color 
in response to said light when said analyte is present on 
said surface in said surface; 

wherein said substrate comprises an optical thin film 
5 comprising a material selected from the spin coated 
materials consisting of titanium dioxide, titanates, 
silicon carbide, polysilizanes, aluminum alkyloxides, 
silicates, oxides of zirconium, or silicon nitride. 

46. A device for detecting the presence or amount of 
10 an analyte of interest, comprising: 

a substrate having an optically active surface 
exhibiting a first color in response to light impinging 
thereon, and exhibiting a second color comprising a 
combination of wavelengths of light different from said 
15 first color or comprising an intensity of at least one 
said wavelength of light different from said first color, 
in response to said light when said analyte is present on 
said surface/ 

wherein said substrate comprises an attachment layer 
20 comprising a chemical selected from the group consisting 
of dendrimers, star polymers, molecular self -assembling 
polymers, polymeric siloxanes, and film forming latexes; 

wherein said substrate material is selected from the 
group consisting of monocrystalline silicon, glass, a 
25 glass/amorphous silicon composite, a metal, a ceramic, a 
polycrystalline silicon, and composites of these 
materials, and 

wherein said substrate comprises an optical thin film 
comprising a material selected from the spin coated 
3 0 materials consisting of titanium dioxide, titanates, 
silicon carbide, polysilizanes, aluminum alkyloxides, 
silicates, oxides of zirconium, or silicon nitride. 

47.. An optical assay device for an analyte 
comprising: 
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a substrate selected from glass, plastic, silicon and 
amorphous silicon, 

an anti- reflective layer selected from silicon 
nitride, composite of silicon/silicon dioxide, titanates, 
5 silicon carbide, diamond, cadmium sulfide, and titanium 
dioxide, 

an attachment layer selected from a polymeric silane, 
siloxane, film forming latex, and a dendrimer, and a 
specific binding layer for said analyte. 

10 48. The device of claims 46 - 47, wherein said 

optical substrate is glass; 

said amorphous silicon layer has a thickness between 

900 and 1000 nm; 

an aluminum layer of between 1900 and 2100 A 
15 thickness is provided on said glass; 

said silicon nitride, composites of silicon/silicon 
dioxides, titanates, or titanium dioxide layer has a 
thickness between 480 and 520 A; 

said attachment layer is an aminoalkyl-T- structured 
20 branched siloxane of between 90 and 110 A thickness; and 

said receptive material is an antibody layer of 
between 3 0 and 60 A thickness. 

49. The device of claims 46 - 47, wherein said 
optical substrate is monocrystalline silicon; 

25 said silicon nitride, composites of silicon/silicon 

dioxides, titanates, or titanium dioxide layer has a 

thickness between 480 and 520 A; 

said attachment layer is an aminoalkyl-T- structured 

branched siloxane of between 90 and 110 A thickness; and 
30 said receptive material is an antibody layer of 

between 30 and 60 A thickness. 

50. The device of claims 46 - 47, wherein said 
optical substrate is glass; 
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said amorphous silicon layer has a thickness between 
900 and 1000 ran; 

said silicon nitride, composites of silicon/silicon 
dioxides, titanates, or titanium dioxide layer has a 
5 thickness between 480 and 520 A; 

said attachment layer is an aminoalkyl-T-structured 
branched siloxane of between 90 and 110 A thickness; and 

said receptive material is an antibody layer of 
between 30 and 60 A thickness. 

10 51. The device of claims 46 - 47, wherein said 

optical substrate is plastic- 
said amorphous silicon layer has a thickness between 
900 and 1000 nm; 

said silicon nitride, composites of silicon/silicon 
15 dioxides, titanates, or titanium dioxide iayer has a 
thickness between 480 and 520. A; 

said attachment layer is an aminoalkyl-T- structured 
branched siloxane of between 90 and 110 A thickness; and 
said receptive material is an antibody layer of 
20 between 3 0 and 60 A thickness. 

52. The device of claims 46 - 47, wherein said 

optical substrate is plastic- 
said amorphous silicon layer has a thickness between 

900 and 1000 nm; 
25 an aluminum layer of between 1900 and 2100 A thick- 

ness is provided on said glass; 

said silicon nitride, composites of silicon/silicon 

dioxides, titanates, or titanium dioxide layer has a 

thickness between 480 and 520 A; 
30 said attachment layer is an aminoalkyl-T- structured 

branched siloxane of between 90 and 110 A thickness; and 
said receptive material is an antibody layer of 

between 3 0 and 60 A thickness. 
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53. A device for use in an optical assay for an 
analyte comprising: 

a multi- layered substrate comprising a layer of base 
material, a conducting . metal layer comprising aluminum, 
5 chromium, or a transparent conducting oxide, and, 
a layer of amorphous silicon, 

wherein said metal layer is positioned adjacent said 
amorphous silicon. 

54. A device for use in an optical assay for an 

10 analyte comprising: 

a multi-layered substrate comprising a layer of base 
material, and a layer of amorphous silicon adjacent said 
base material. 

55. The device of any of claim 53 - 54, further 
15 comprising an anti-reflective layer attached to the upper 

substrate surface, comprising an optical material able to 
attach to the upper substrate surface, and a receptive 
material positioned most remote from the upper substrate 
surface and selected from materials specific to bind said 
20 analyte of interest in a fluid to be tested. 

56 . The article of claim 55., wherein attachment 
layer is interposed between said optical material and said 
receptive material . 

57 . A device for detecting the presence or amount of 
25 an analyte of interest, comprising: 

a substrate having an optically active surface 
exhibiting a first color in response to light impinging 
thereon, and exhibiting a second color comprising a 
combination of wavelengths of light different from said 
30 first color, or comprising an intensity of at least on 
said wavelength of light different from said first color, 
in response to said light when said analyte is present on 
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said surface in an amount selected from. 50 fg or 2xl0 3 
organisms comprising said analyte. 

58. A device for detecting the presence or amount of 
an analyte of interest, comprising: 

5 . a substrate having an optically active surface 

exhibiting a first color in response to light impinging 
thereon, and exhibiting a second color comprising a 
combination of wavelengths of light different from said 
first color or comprising an intensity of at least one 
10 said wavelength of light different from said first color, 
in response to said light when said analyte is present on 
said surface; 

wherein said substrate is a material selected from 
the group consisting of a glass/amorphous silicon 
15 composite or a plastic/amorphous silicon composite. 

59. The device of claim 58, wherein said substrate 
supports an optically active surface or is optically 
active itself. 

60. The device of claim 58, wherein said substrate 
20 is selected from the group consisting of glass, and 

plastic, comprising a layer of amorphous silicon oh its 
surface, whereby an optically active surface is produced. 

61. The device of claim 58, wherein said optically 
active surface comprises monocrystalline silicon or metal. 

25 62. The device of claim 58, wherein said substrate 

comprising metal further comprises a layer of amorphous 
silicon. 

63 . The device of any of claim 52 - 53 further 
comprising an anti-reflective layer attachment to the 
30 upper substrate surface, comprising an optical material 
able to attach to the upper substrate surface, and a 
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receptive material positioned most remote from the upper 
substrate surface and selected from materials specific to 
bind said analyte of interest in a fluid to be tested. 

64. The device of claim 63, wherein said anti- 
5 reflective layer comprises a material selected from the 

group consisting of silicon nitride, composites of 
silicon/silicon dioxide, diamond, silicon carbide, cadmium 
sulfide, and silicon oxynitride. 

65. The device of any of claims 53 - 54, wherein 
10 said base material is selected from any of the group 

consisting of glass, fused silica, plastics, semicon- 
ductors, ceramics, metals, and may be either rigid or 
flexible. 

66. The device of claim 53 - 54, wherein said 
15 substrate supports an optically active surface or is 

optically active itself. 

67. The device of claim 53 - 54, wherein said 
substrate is selected from the group consisting of glass, 
and plastic, and further comprises a layer of amorphous 

20 silicon. 

68. The device of claim 53 - 54, wherein said 
optical active surface comprises monocrystalline silicon 
or metal . 

69. The device of claim 53 - 54, wherein said 
25 substrate comprising metal further comprises a layer of 

amorphous silicon. 

70. The method of claim 43, wherein said sample is 
selected from the group consisting of urine, serum, 
plasma, spinal fluid, sputum, whole blood, saliva, uro- 

3 0 genital secretions, fecal extracts, pericardial washes. 
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gastric washes, peritoneal washes, pleural washes, 
colonical washes, nasal /pharyngeal washes, respiratory 
discharges, and vaginal secret ions. 

71. The device of claim 46, wherein the analyte of 
5 interest is selected from the group consisting of Group B 

Streptococci, RSV, Chlamydia family, one or more Hepatitis 
antigen, HAV, HBV, HCV, HDV, or HEV, one or more HIV 
antigen, LPS antigen, an LPS specific to Chlamydia, an 
antibody or antibodies to Hepatitis, HAV, HBV, HCV, HDV, 
10 or HEV, an antibody or antibodies to HIV. 

72. The device of claim 46, wherein the substrate 
further comprises a layer of non-specific protein which 
promotes the adhesion of a precipitating reagent. 

73. The device of claim 46, wherein the substrate 
15 further comprises a layer of non-specific protein which 

improves the signal generation. 

74. The device of claims 72 or 73, wherein analyte 
binding is detected by a change in color. 

75. The device of claims 72 or 73, wherein analyte 
2 0 binding is detected by an EL ISA. 

76. The device of claims 72 or 73, wherein analyte 
binding is detected by a RIA. 

77. The device of claims 72 or 73, wherein analyte 
binding is detected by fluorescence or chemiluminescence . 

25 78. The device of claim 46, wherein the analyte of 

interest is captured by a non-specific interaction with 
the substrate. 
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79 . Device for the determination of. a chlamydial or 
gram negative bacterial antigen comprising; 

an attachment layer selected from the group of 
chemicals consisting of dendrimers, star polymers, 
5 molecular self -assembling polymers, polymeric siloxanes, 
and film forming latexes which promote adhesion of the 
antigen to the optically active surface by hydrophobic 
interactions/ and 

a layer of non-specific protein. 

10 so. Method for the determination of a chlamydial or 

gram negative bacterial antigen comprising: 

contacting the sample potentially containing 
extracted antigen with an optically active surface which 
further comprises, 

15 an attachment layer selected from the group of 

chemicals consisting of dendrimers, star polymers, 
molecular self -assembling polymers, polymeric siloxanes, 
and film forming latexes which promote the adhesion of the 
antigen to the optically active surface by hydrophobic 

20 interactions, and 

a layer of non-specific protein. 

81. The device of claim 79 or 80, wherein the 
antigen is an LPS. 

82. The device of claim 79 or 80, wherein the 
25 antigen is a major outer membrane protein. 

83. The device of claim 79 or 80, wherein the signal 
generated is a color change. 

84. The device of claim 79 or 80, wherein the signal 
generated is from an ELISA. 

30 85. The device of claim 79 or 80, wherein the signal 

generated is from an RIA. 
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86. The device of claim 79 or 80, wherein the signal 
generated is from a fluorescent or chemiluminescent label • 

87. The method of claim 46, wherein the arialyte of 
interest is non-specif ically adsorbed to the optically 

5 active surface. 

88. Method for determination of a chlamydial or gram 
negative bacterial antigen consisting of: 

mixing the sample suspected of containing the analyte 
of interest with a reagent to. extract the antigens and 
10 allowing this extraction to proceed for 5 to 10 minutes, 
and 

adding sufficient volume of a neutralizing buffer to 
adjust the final pH to 7.0 - 7.5, and 

applying the sample to the optically active surface 
15 for 5 to 10 minutes at room temperature, and 

applying the secondary antibody conjugate to the 
sample spot on the optically active surface for 1 to 10 
minutes, followed by a wash and dry protocol, and 

applying substrate to the optically active surface 
2 0 for 10 to 15 minutes at room temperature, followed by a 
wash and dry protocol, and 

then measuring the color change. 

89. The method of claim 88, wherein the color change 
is caused by an interference effect. 

25 90. The method of claim 88, wherein the color change 

is observed with an ellipsometer. 

91. The method of claim 88, wherein the color change 
is observed with a comparison ellipsometer. 

92. The method of claim 88, wherein the color change 
30 is observed with a thin film analyzer. 
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93. The method of claim 88, wherein the color change 
is observed with a ref lectometer . 

94. The method of claim 88, wherein the extraction 
reagent consists of phosphate buffered saline containing 

5 approximately 0.1 % chenodeoxycholic acid (CDOC) and is 
alkalized with NaOH to a final pH of approximately 11.5. 

95. The method of claim 88, wherein the neutralizing 
reagent is a phosphate buffer. 

96. Method for analyzing an optical surface 
10 comprising the steps of: 

arranging a polarizer parallel to the detector at the 
pre -determined angle relative to the optical test surface, 
and 

nulling the pre-detector polarizer relative to the 
15 incident light with an unreacted optical test surface. 



97. Device for detecting the presence or amount of 
an analyte of interest, comprising: 

a reflective solid, optical support and a label 
capable of generating fluorescent signal upon excitation 
20 with a suitable light source; 

wherein said support comprises an attachment layer 
comprising a chemical selected from the group consisting 
of dendrimers, star polymers, molecular self -assembling 
polymers, polymeric siloxanes, and film forming latexes; 
25 wherein the support provides an enhanced level of 

exciting photons to the immobilized fluorescent label 
compound; 

and wherein the support also increases the capture of 
fluorescent signal. 

30 98. Device for detecting the presence or amount of 

an analyte of interest, comprising: 
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wherein the support provides an enhanced level of 
exciting photons to the immobilized fluorescent label; 

and wherein the support also increases the capture 
of fluorescent signal. 

5 100. The device of any of the claims 97 - 99, wherein 

the fluorescent label is a dye introduced into a biologic- 
ally active, receptive material. 

101. The device of any of the claims 97 - 99, wherein 
said support comprises an attachment layer comprising a 

10 chemical selected from the group consisting of dendrimers, 
star polymers, .molecular self -assembling polymers, 
polymeric siloxanes, and film forming latexes. 

102. The device of any of the claims 97 - 99, wherein 
the support comprises an optical thin film or AR film 

15 comprising a material selected from the group consisting 
of silicon nitride, silicon/silicon dioxide composites, 
silicon oxynitride, titanium dioxide, titanates, diamond, 
oxides of zirconium, and silicon carbide. 

103. The device of any of the claims 97 - 99, wherein 
20 the support is selected from the group consisting of mono - 

cyrstalline silicon, a glass/ amorphous silicon composite, 
a plastic/amorphous silicon composite, a ceramic, poly- 
crystalline silicon, glass, a metal, and composites of 
these materials; 

25 104. The device of claim 103, wherein said support is 

light reflective. 

105. The device of any of claims 97 - 99, further 
comprising a receptor layer receptive to said analyte, 
said layer comprising a specific binding partner for said 
3 0 analyte. 
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106. The device of claim 105, wherein the receptive 
layer is an antibody. 

107. The device of claim 105, wherein the receptive 
layer is a nucleic acid. 

5 108. The device of claim 105, wherein the receptive 

layer is an enzyme substrate . 

109. The device of claim 105, wherein the receptive 
layer is formed from material selected from the group 
consisting of antigens, antibodies, oligonucleotides, 

10 chelators, enzymes, bacteria, bacterial pili, bacterial 
flagellar materials, nucleic acids, polysaccharides, 
lipids, proteins, carbohydrates, metals, viruses, 
hormones, and receptors for said materials. 

110. The device of any of claims 97 - 99, wherein 
15 said analyte is selected from the group consisting of an 

antibody, antigen, enzyme, hormone, polysaccharides, 
proteins, lipids, carbohydrates, drugs, and nucleic acids. 

111. The device of claim 106, wherein said analyte of 
interest is sandwiched between said receptive material and 

20 a secondary binding reagent. 

112. The device of claim ill,, wherein, the secondary 
binding reagent contains the fluorescent label. 

113. The device of any of the claims 97 99, wherein 
the detector and the light source are positioned at equal 

25 angles relative to the test support. 

114. The device of any of the claims 97 - 99,, wherein 
the light sources is monochromatic or polychromatic. 
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115. The device of any of the claims. 97 - 99, wherein 
the AR film is selected to extinguish the exciting 
wavelength specific to the fluorophore. 

116. The device of any of the claims 97 - 99, wherein 
5 the angle of the incident light source and the detector 

are equal. 

117. The device of any of the claims 97 - 99, wherein 
the detector is positioned at any angle relative to the 
test surface . 

10 118 , A method for detecting the presence or amount of 

an analyte of interest in a sample,, comprising the steps 
of: 

providing a reflective solid, optical support and a 
label capable of generating fluorescent signal upon exci- 

15 tat ion with a suitable light source; wherein said support 
comprises an attachment layer comprising a chemical 
selected from the group consisting of dendrimers, star 
polymers, molecular self -assembling polymers, polymeric 
siloxanes, and film forming latexes; and wherein the 

20 support provides an enhanced level of excitation and 
capture of fluorescent signal; and 

contacting said support with a sample potentially 
comprising said analyte of interest under conditions in 
which said analyte can interact with said support to cause 

25 said support and the label to generate a fluorescent 
signal . 

119. The method of claim 118, wherein said analyte of 
interest is sandwiched between a receptive material and a 
secondary binding reagent. 

30 120. The method of claim 118, wherein the analyte of 

interest is detected directly by the binding of said 
analyte . 
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121. The method of claim 118, wherein said analyte of 
interest is detected by competition with a signal generat- 
ing reagent for the receptive material, 

122. The method of claim 118 wherein said analyte of 
5 interest is detected by indirect signal generation. 

123. The method of claim 118, wherein said sample is 
selected from the group consisting of urine, serum, 
plasma, spinal fluid, sputum, whole blood, saliva, uro- 
genital secretions, fecal extracts, pericardial washes, 

10 gastric washes, peritoneal washes, pleural washes, 
cplonical washes, nasal /pharyngeal washes, respiratory 
discharges, and vaginal secretions. 

124. The method of claim 118, wherein the AR film is 
selected to extinguish the exciting wavelength specific to 

15 the fluorophore. 

125. The method of claim 118, wherein the angle of 
the incident light source and the detector are equal. 

126. A method of claim 118, wherein the fluorescent 
label is conjugated to an antibody. 

20 127. A method of claim 118, wherein the fluorescent 

label comprises an enzyme substrate. 

128. A method of claim 118, wherein the fluorescent 
label comprises a nucleic acid probe. 
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CARBIDE OR POLYSIL1ZANESOR ALUMINUM ALKYLOXIDES OR SILICATES OR ZIRCONIUM OR SILICON 
NITRIDE)- 

BOX n. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

In the examination of international applications filed under the Patent Cooperation Treaty, PCT Rule 13.1 
states that the international application shall relate to one invention only or to a group of invention so linked as to form 
a "single general inventive concept". 

PCT Rule 13.2 indicates that this shall be construed as permitting in particular one of the following three 
possible combinations of the claimed invention: 

(1) a product, a process specifically adapted for the manufacture of said product and a use of said 
produce, or 

(2) a process, and an apparatus or means specifically designed for carrying out said process; or 

(3) a product, a process specifically adapted for the manufacture of said product and an apparatus or 
means designed for carrying out the process. 

Additionaly , current United States Patent and Trademark Office practice permits the following combinations of 
the claimed invention. 

(4) a product, and a process specifically adapted for the manufacture of said product, and 

(5) a product, and a use of the said product, as where said use as claimed cannot be practiced with 
another materially different product. 

This application contains the following inventions or groups of inventions which are not so linked as to form a 
single inventive concept. In order for all inventions to be examined, the appropriate additional examinations fees must 
be paid. 

I. Claims 1-12, drawn to an instrument, classified in Class 356, subclass 345, and claims 13 and 96, drawn 
to method of analyzing an optical surface, classified Class 436, subclass 171. 

D. Claims 14-38, 45-69, 71-79, 81-87, and 97-117, drawn to optical assay device, classified in Class 356, 
subclass 345. 

ID. Claims 39-42, drawn to method of producing optical device, classified in Class 356, subclass 345. 

IV. Claims 80, 88-95, drawn to method of determining Chlamyidal or gram negative bacterial antigen, 
classified in Class 436, subclass 171. 

V. Claims 43, 44, 70, and 1 18-128, drawn to method of detecting the presence or amount of analyte, 
classified in Class 436, subclass 171. 

The inventions listed as Groups I and 0 do not meet the requirements for Unity of Invention for the following 
reasons: The invention of Group I is drawn to an instrument and its related method of use while the invention of Group 
D is drawn to an optical device. The optical device, though classified similarly as the instrument, is drawn to a 
different product. 

The inventions listed as Groups I and ID do not meet the requirements for Unity of Invention for the following 
reasons: The invention of Group 1 is drawn to an instrument and its related method of use while the invention of Group 
m is drawn to a method of producing an optical device (the related product of Group II). The invention of Group HI 
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requirci different method steps than that of the method found within Group I. and results in a different end product. 

The inventions listed as Groups I and IV do not meet the requirements for Unity of Invention for the 
following reasons: The invention of Group I is drawn to an instrument and its related method of use while Group IV is 
drawn to a method of detecting Chlamudial or gram negative bacterial antigen. Accordingly, the methods of both 
Group I and IV require different method steps and result in a different end product 

The inventions listed as Groups I and V do not meet the requirements for Unity of Invention for the following 
reasons: The invention of Group I is drawn to an instrument and its related method of use while the invention of Group 
V is drawn to a method of detecting the presence or amount of analyte. Accordingly, the methods of both Group I and 
IV require different method steps and result in a different end product. 

The inventions listed as Groups III, IV and V do not meet the requirements for Unity of Invention for the 
following reasons: Each of Groups m, IV and V are drawn to different method, requiring different method steps and 
resulting in different end products. 

The inventions listed as Groups H and IH do not meet the requirements for Unity of Invention for the 
following reasons: Inventions of Group III and Group II are related as process making and product made. The 
inventions are distinct if either or both of the following can be shown: (1) that the process as claimed can be used to 
make other and materially different product or (2) that the product as claimed can be made by another materially 
different process. In the instant case the process as claimed can be used to make a materially different oriduct such as 
device for us in a nucleic acid hybridization assay. 
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DESCRIPTION 

Devices and Methods for Detection of an 
Analvte Based Upon Light Interf erence 

Related Applications 

This application is a continuation-in-part of any one 
or more of the following U.S. patent applications: Garret 
Moddel et al . , U.S. Application No . 07/924,343, filed July 
5 31, 1992, Garret Moddel et al . , U.S. Application No. 
07/873,097, filed April 24, 1992, now pending, which is a 
continuation-in-part application of Garrett Moddel et al., 
U.S. Application No. 07/408,291, filed September 18, 1989, 
now abandoned; Jeffrey Etter et al . , U.S. Application No. 
10 07/653,064, filed February 11, 1991, now pending; Jeffrey 
Etter et al . , U.S. Application No. 07/653,052, filed 
February 11, 1991, now pending; Nygren et al . , U.S. 
Application No. 07/260,317, filed October 20, 1988, now 
pending, which is a continuation in part of Nygren et al . , 
15 U.S. Application No. 07/832,682, filed February 25, 1986, 
now abandoned; and Jeffrey Etter et al . , U.S. Application 
(serial no. to be assigned) filed July 31, 1992 based on 
PCT application US91/01781, filed March 20. 1991 (desig- 
nating the United States of America) , which is a continua- 
20 tion-in-part of U.S. Application 07/408,296, now aban- 
doned; and this application is entitled to foreign priori- 
ty from Diana Maul et al., European Application No. EP 
91308968.6, filed October 1, 1991, now pending. All of 
the above noted applications (including drawings) are made 
25 a part hereof, and are incorporated herein by reference. 

Field of th «* Invention 

The present invention relates to devices which 
produce a detectable attenuation of the spectral charac- 
teristic of light impinging on the device by thin film 
3 0 phenomenon . 
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Background of the Invention 

Sandstrom et al . , 24 Applied Optics 472, 1985, 
describe use of an optical substrate of silicon with a 
layer of silicon monoxide and a layer of silicon dioxide 
5 formed as dielectric films. They indicate that a change 
in film thickness changes the properties of the optical 
substrate to produce different colors related to the 
thickness of the film. That is, the thickness of the film 
is related to the color observed and a film provided on 

10 top of an optical substrate may produce a visible color 
change. They indicate that a mathematical model can be 
used to quantitate the color change, and that " [c] alcu- 
lations performed using the computer model show that very 
little can be gained in optical performance from using a 

15 multilayer structure. . .but a biolayer on the surface 
changes the reflection of such structures very little 
since the optical properties are determined mainly by the 
interfaces inside the multilayer structure.. . .The con- 
clusion is, somewhat surprisingly, that the most sensitive 

20 system for detection of biolayers is a single layer coat- 
ing, while in most other applications performance can be 
improved by additional dielectric layers." 

Sandstrom et al . , go on to indicate that slides 
formed from metal oxides on metal have certain drawbacks, 

25 and that the presence of metal ions can also be harmful in 
many biochemical applications. They indicate that the 
ideal top dielectric film is a 2-3 nm thickness of silicon 
dioxide which is formed spontaneously when silicon monox- 
ide layer is deposited in ambient atmosphere, and that a 

30 70-95 nm layer of silicon dioxide on a 40-60 nm layer of 
silicon monoxide can be used on a glass or plastic sub- 
strate. They also describe formation of a wedge of sili- 
con monoxide by selective etching of the silicon monoxide, 
treatment of the silicon dioxide surface with dichlorodi- 

35 methylsilane, and application of a biolayer of antigen and 
antibody. From this wedge construction they were able to 
determine film thickness with an ellipsometer , and note 
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that the "maximum contrast was found in the region about 
65 nm where the interference color changed from purple to 
blue." They indicate that the sensitivity of such a sys- 
tem is high enough for the detection of protein antigen by 
5 immobilized antibodies. They conclude "the designs given 
are sensitive enough for a wide range of applications. 
The materials, i.e. , glass, silicon, and silicon oxides, 
are chemically inert and do not affect the biochemical 
reaction studied. Using the computations above it is 
10 possible to design slides that are optimized for different 
applications. The slides can be manufactured and their 
quality ensured by industrial methods, and two designs are 
now commercially available. It is our hope that these 
sensitive, versatile, and inexpensive tools will further 
15 the development of simplified methods in immunology and 
bipchemistry. " [Citation omitted.] 

Nygren et al . , 59 J. Immunol. Methods 145, 1983, 
describe a system similar to that described above, in 
which specific ant i -human serum albumin (USA) antibodies 
20 are used to detect HSA. Fig. 2 of this publication indi- 
cates that 10~ 5 mg/ml of HSA can be detected with a 16 hour 
incubation, but that 10** mg/ml could not be detected in 
this system. They also state " [a] f ter 72 hour of incuba- 
tion time, the detection limit was lower (down to 
25 1 ng/ml) , however, the reaction was then more sensitive to 
unspecific reactions, giving rise to eventually occurring 
positive controls . " 

Nygren et al., U.S. Patent No. 4,558,012 describe a 
similar system except that the overall array of layers is 
3 0 adapted to reduce reflection in respect to non-mono- 
chromatic or white light in the wavelength range of 525- 
600 nM. 

Summary of the Invention 
This invention features improved devices, and methods 
35 for using such devices, for detecting the presence or 
amount of an analyte of interest within a sample. In 
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contrast to prior devices, those of the present invention 
allow detection of extremely small quantities of analyte 
in a sample , in amounts as low as 0.1 nM, 0.1 ng/ml, or 2 
x 10 3 organisms or even as low as 50 fg in a rapid assay 
5 lasting only a few minutes. Total assay times may vary 
from one hour to a few minutes from the initiation of the 
assay protocol ( i.e. , from the time that the analyte 
containing sample is contacted with the device) . Indeed, 
the devices of the present invention permit detection of 

10 over 3 0% more true positive samples than prior devices and 
methods have previously permitted in certain assays, such 
as an assay for Streptococcus A antigen. The invention is 
based upon the finding of better structures in the present 
device compared to those described by Sandstrom and co- 

15 workers (see above) , the details of which are provided 
below. Such devices can be used in an instrumented 
format. They are also useful when provided in a format in 
which a visual color change can be observed, especially 
when that visual color change is extremely easy to inter- 

20 pret, e.g. , as a change from a gold background to a dark 
purple or blue color. 

Thus, in a first aspect, the invention features a 
device for detecting the amount or presence of an analyte 
of interest. The device includes a substrate which has an 

25 optically active surface exhibiting a first color in 
response to light impinging thereon. This first color is 
defined as a spectral distribution of the emanating light. 
The substrate also exhibits a second color which is 
different from the first color (by having a combination of 

30 wavelengths of light which differ from that combination 
present in the first color, or having a different spectral 
distribution, or by having an intensity of one or more of 
those wavelengths different from those present in the 
first color) . The second color is exhibited in response 

35 to the same light when the analyte is present on the 
surface. Such a device provides a sensitive method for 
detecting an amount of 0.1 ng, 0.1 nM, 0.1 ng/ml, 50 fg, 
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or 2 x 10 3 organisms containing the analyte of interest. 
Indeed, in preferred embodiments, the amount detected can 
be considerably smaller by as much as 10, 100 or even 1000 
fold. The change from one color to another can be 
5 measured either by use of an instrument, or by eye. Such 
sensitive detection is a significant advance over the 
devices described by Sands trom and Nygren, supra , and 
allow use of the devices in commercially viable and 
competitive manner. Indeed, the sensitivity of the 

10 devices so far surpasses existing techniques that existent 
"gold" standards of detection are exceeded by devices and 
methods of this invention. 

An "optically active surface" is a surface that 
participates in the generation of an optical effect such 

15 that the light impinging upon that surface is in some way 
altered. Such optically active surfaces may be adapted to 
respond not only to polychromatic light (e.g. . white 
light) but also to monochromatic light ( e.g. , laser light, 
which may be inherently polarized) . Devices of this 

2 0 invention preferably produce a color signal that strongly 

contrasts the background interference color of the 
unreacted test surface and a reacted surface. The test 
surface may produce various shades or intensities of color 
that correspond to a semi-quantitative measurement of the 
25 analyte concentration in the sample, and may be visually 
or instrumentally measured. Such devices allow the 
quantitative, instrumented analysis of thin film assay 
systems . 

In one embodiment, the optically active surface has 

3 0 a non- specular surface, or is provided with a transparent 

layer having a non- specular surface through which the 
optically active surface may be viewed. This embodiment 
is useful in the invention since it makes the angle from 
which the surface is viewed less important. The term 
35 "non- specular" is meant to indicate that the surface does 
not act mirror-like (specular) , but provides a diffuse 
response to light. Generally, it includes an irregular 
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surface with between 100 nm and 100 /zm variations in 
height. The primary advantage is that a diffuse reflec- 
tion allows the color change to be visible over a broad 
range of angles relative to the incident light. 
5 In yet further embodiments, the substrate may include 

an interference film which may be formed from silicon 
nitride, silicon oxides, titanium dioxide, silicon oxy- 
nitride or cadmium sulfide and the like. This film acts 
to cause incident light to undergo interference such that 

10 a specific color is produced on the surface of the sub- 
strate. This film interacts with other layers on the 
substrate to ensure that a color change or wavelength 
intensity change is observed when the analyte is present 
on the device. In more preferred embodiments, an attach- 

15 ment layer is provided which allows bonding of a receptor 
molecule specific for the analyte of interest to be bound 
to the device. It is important in the invention that this 
attachment layer allow attachment of sufficient of the 
receptor material so that a signal is produced on the 

2 0 device. In other related embodiments, the device may be 

used in a manner in which, once the analyte of interest is 
bonded to the attachment layer, other layers may be 
deposited on the device in an analyte-specif ic manner to 
produce the color signal or a more intense color signal . 
25 While it may be preferred to produce a device which 

can be analyzed by eye, the invention also includes those 
devices which can be used with an ellipsometer , a compari- 
son ellipsometer, a ref lectometer , a profilometer or 
modified ellipsometers as described in this application, 

3 0 and the like. 

In other related aspects (described in more detail 
below) , the invention features methods for use of the 
above devices, specific devices adapted for use in the 
invention, and methods for optimizing devices of the 
35 invention by formation of a substrate having an optically 
active surface with varying thicknesses of each of the 
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component layers such that the optimal thickness of each 
layer can be readily determined. 

Specifically, the invention features similar devices 
in which the substrate has an attachment layer formed from 
5 a chemical selected from the group consisting of dendri- 
mers, star polymers, molecular self -assembling polymers, 
polymeric siloxanes, and film forming latexes; the sub- 
strate itself is formed from a material selected from the 
group consisting of monocrystalline silicon, a amorphous 
10 silicon on glass, amorphous silicon on plastic, a ceramic, 
polycrystalline silicon, and composites of these 
materials; and the substrate may have an optical thin film 
formed from a material selected from the group consisting 
of silicon nitride, silicon/silicon dioxide composites, 
15 silicon oxynitride, titanium dioxide, titanates, diamond, 
oxides of zirconium, and silicon carbide. 

In particularly preferred embodiments, the second 
color is discernable in less than one hour after contact 
of the analyte with the device; the response to light is 
20 observed when the analyte is present on the surface in any 
amount selected from 0.1 nM, 0.1 ng/ml, 50 fg, and 2 x 10 3 
organisms having the analyte; the surface is specular, or 
non- specular, or a transparent layer having a non- specular 
surface is provided for viewing of the optically active 
25 surface; the substrate is selected from the group consist- 
ing of a solid support, a flexible support, a plastic, a 
glass, a metal and a non-metal; the substrate is light 
reflective or light transmissive ; the light is monochrom- 
atic light, polychromatic light, ultraviolet light, or 
30 infrared light; the analyte is selected from the group 
consisting of rheumatoid factor; IgE antibodies specific 
for Birch pollen; carcinoembryonic antigen; streptococcus 
Group A antigen; viral antigens; antigens associated with 
autoimmune disease, allergens, a tumor or an infectious 
3 5 microorganism; streptococcus Group B antigen, HIV I or HIV 
II antigen; or host response (antibodies) to said virus; 
antigens specific to RSV or host response (antibodies) to 
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the virus; an antibody; antigen; enzyme; hormone; polysac- 
charide; protein; lipid; carbohydrate; drug or nucleic 
acid; is derived from the causative organisms for menin- 
gitis; Neisseria meningitides groups A, B, C, Y and W 135/ 
5 Streptococcus pneumoniae, E. coli Kl, Haemophilus 
influenza type B; an antigen derived from microorganisms; 
a hapten, a drug of abuse (including drugs which are 
unlawful to use without a permit or license) ; a therapeu- 
tic drug; an environmental agents; and antigens specific 

10 to Hepatitis; the non-specular surface has a reading of 
between 2700 and 3295 with a prof ilometer , wherein this 
value represents the RMS roughness divided by the average 
peak height of the surface texture, and whose specular 
. reflectances measured by an HeNe laser light source is 

15 less than about 5%; the substrate is selected from the 
group consisting of glass, and plastic, comprising a layer 
of amorphous silicon on its surface, whereby an optically 
active surface is produced; the optically active surface 
includes monocrystalline silicon or metal; the substrate 

20 is metal further having a layer of amorphous silicon; a 
receptor layer receptive to analyte is provided with a; 
specific binding partner for the analyte; the receptor 
layer is formed from material selected from the group 
consisting of antigens, antibodies, oligonucleotides, 

25 chelators, enzymes, bacteria, bacterial pili, bacterial 
flagellar materials, nucleic acids, polysaccharides, 
lipids, proteins, carbohydrates, metals, viruses, hormones 
and receptors for said materials; and the first color is 
golden in appearance and the second color is purple or 

3 0 blue in appearance to the eye. 

In other preferred embodiments, the device is 
configured and arranged to provide a symbol detectable by 
eye in response to polychromatic light; and the optical 
film is coated on the device in a thickness between 4 80 A 

35 and 520 A; and the analyte of interest is sandwiched 
between the receptive material and a secondary binding 
reagent . 
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in another aspect, the invention features a device 
for use in an optical assay for an analyte, which includes 
a multi- layered substrate formed with a layer of base 
material, a conducting metal layer of aluminum, chromium, 
5 or a transparent conducting oxide, and a layer of amor- 
phous silicon, wherein the metal layer is positioned 
adjacent the amorphous silicon. Alternatively, the device 
has a multi-layered substrate with a layer of base 
material (any solid material on which optically active 
10 layers may be applied) , and a layer of amorphous silicon 
adjacent the base material. In preferred embodiments, the 
device has an anti-reflective layer attached to the upper 
substrate surface, having an optical material able to 
attach to the upper substrate surface, and a receptive 
15 material positioned most remote from the upper substrate 
surface and selected from materials specific to bind the 
analyte of interest in a fluid to be tested; the base 
material is selected from any of the group consisting of 
glass, fused silica, plastics, semiconductors, ceramics, 
20 and metals, and may be either rigid or flexible; and an 
attachment layer is interposed between the optical 
material and the receptive material. 

In yet other aspects, the invention features an 
optical assay device for detection of an analyte formed 
25 with a substrate selected from glass, plastic, silicon and 
amorphous silicon, an anti-reflective layer selected from 
silicon nitride, composite of silicon/silicon dioxide, 
titanates, silicon carbide, diamond, cadmium sulfide, and 
titanium dioxide, an attachment layer selected from a 
30 polymeric silane, polymeric siloxanes, film forming latex, 
or a dendrimer, and a specific binding layer for the 
analyte . 

In preferred embodiments, the amorphous silicon layer 
has a thickness between about 900 and 1100 nm; an aluminum 
35 layer of between about 1800 and 2200 A thickness is pro- 
vided on the glass; the silicon nitride, composites of 
silicon/silicon dioxide, titanates, or titanium dioxide 
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layer has a thickness between about 480 and 515 A; the 
attachment layer is an aminoalkyl-T- structured branched 
siloxane of between about 90 and 110 A thickness; and the 
receptive material is an antibody layer of between about 
5 30 and 60 A thickness. 

In more preferred embodiments, the substrate is 
configured and arranged so that any change from the first 
color to the second color is indicated by the output of an 
instrument, such as an ellipsometer ; the change is in the 

10 intensity of light reflected or transmitted from the sur- 
face; the impinging light is reflected by the device and 
the reflected light is elliptically or linearly polarized, 
monochromatic, polychromatic, unpolarized, visible, UV, or 
IR, or any combination thereof; the substrate supports an 

15 optically active surface or is optically active itself. 

In another aspect, the invention features a method 
for detecting the presence or amount of an analyte of 
interest in a sample, including the steps of providing a 
device as described above, and contacting the optically 

2 0 active surface with a sample potentially including the 

analyte of interest under conditions in which the analyte 
can interact with the optically active surface to cause 
the optically active surface to exhibit the second color 
when the analyte is present. An optical reader may be 
25 used to measure the change in the second color. An 
optical reader consists of one of the following group of 
instruments: an ellipsometer, a refletomer, a comparison 
ellipsometer, a prof ilometer , a thin film analyzer, or 
modifications thereof. 

3 0 In preferred embodiments, the analyte of interest is 

sandwiched between a receptive material ( e.g. , an antibody 
or antigen) and a secondary binding reagent ( e.g. . an 
antibody or antigen) ; the analyte of interest is detected 
directly by the binding of the analyte; the analyte of 
35 interest is detected by competition with a signal generat- 
ing reagent for the receptive material; the analyte of 
interest is detected by indirect signal generation; the 
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sample is selected from the group consisting of urine, 
serum, plasma, spinal fluid, sputum, whole blood, saliva, 
uro-genital secretions, fecal extracts, pericardial, 
gastric, peritoneal, pleural washes, vaginal secretions, 
5 and a throat swab; and the method includes using a 
reflectometer to measure the change in color or intensity. 

In particularly preferred embodiments, the method 
involves contacting the substrate with a test sample 
potentially containing the analyte under conditions in 
10 which the substrate exhibits the second color when the 
substrate includes the analyte in the above amount in less 
than one hour; and the device is a reflectometer set such 
that the first color is a background intensity of a 
specific wavelength or range of wavelengths of light, and 
15 the second color is a change in intensity of one or more 
of those wavelengths of light relative to the first color; 
or the device is a thin film analyzer set such that the 
first color is a background intensity of light transmitted 
through the analyzer to a detector, and the second color 
20 is a change in intensity of the light transmitted through 
the analyzer to the detector relative to the first color; 
or the device is set such that the first color is an eye 
observable interference color, and the second color is 
change in color relative to the first color. 
25 in yet another aspect, the invention features a 

method for producing an optical assay device having a 
substrate and one or more optical layers, an attachment 
layer and a receptive layer, by spin coating one or more 
of the layers. 

30 in preferred embodiments, the method involves spin 

coating an optical thin film on the surface of a sub- 
strate, where the film is formed from one or more of the 
group consisting of: polysilizanes , aluminum alkyloxides, 
silicates, titanates, zirconates, and T-resin siloxanes, 

35 and the film has a thickness between 250 and 550 A; the 
method includes spin coating an attachment layer on the 
optical device on the optical surface of the device, most 
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preferably formed from one or more of the group consisting 
of: non-linear branched polymeric siloxanes, film forming 
latexes, and dendrimers, with a thickness between 25 and 
250 A; and the receptive material is spin coated or 
5 solution coated to the attachment layer. 

In another aspect, the invention features an optical 
assay device having an active receptive surface supported 
on a pedestal and held within a first container; the first 
container includes a first absorbent material located at 

10 the base of the pedestal, configured and arranged to 
absorb liquid draining from the surface, a second 
container, hingedly connected to one side of the first 
container, the second container having a second absorbent 
material, wherein the second container can be closed to 

15 the first container by rotation about the hinge, and 
wherein such closing causes the second absorbent material 
to contact the surface. 

In preferred embodiments, the second container 
further has a handle configured and arranged to cause the 

20 second absorbent material to move relative to the location 
at which the second absorbent material contacts the sur- 
face; the device further has a movable flap in the second 
container which is configured and arranged to prevent the 
second absorbent material from moving from the second 

25 container; the device has a movable flap in the first 
container which is configured and arranged to prevent the 
second absorbent material from moving from the first 
container; each flap is hingedly connected to the first or 
second container, and is provided with one or more 

3 0 apertures to allow access to the surface or the second 
absorbent material . 

In a related aspect, the invention features an 
optical assay device with a plurality of optically active 
surfaces supported on a base, the base having a first 

35 absorbent material configured and arranged to absorb 
liquid draining from the surfaces, and a slidable lid 
having one or more absorbent regions configured and 
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arranged to contact the optically active surfaces during 

use of the device. 

In preferred embodiments, the device is provided with 
step means to allow stepped movement of the lid relative 
to the base; the lid has a series of apertures which allow 
selected access to the surfaces during use of the device; 
the lid has an elongated aperture and wherein the base 
comprises a series of indicia, wherein the elongated aper- 
ture cooperates with the indicia to indicate a method for 
use of the device; the analyte of interest is the Human 
immunodeficiency Virus (HIV) I or II or a combination 
thereof, Streptococcus Group A, Streptococcus Group B, RSV 
(Respiratory Syncytial virus), Hepatitis B. a Chlamydia 
species, HSV (Herpes Simplex virus), an antigen, an 
antibody, nucleic acid, oligonucleotides, chelators, 
enzymes, bacteria, viruses, hormones and receptors for the 
materials; and the device is configured and arranged to 
measure the presence of amount of Streptococcus A antigen, 
Streptococcus B, RSV, Chlamydia or a Hepatitis antigen; 
and has an optically active receptive surface. 

in another aspect, the invention features an optical 
assay device, having an optically active receptive surface 
configured and arranged to allow simultaneous assay of a 
plurality of samples on the surface for one analyte of 
interest, and an automated liquid handling apparatus 
< e . q . . a pipetting device) configured and arranged to 
dispense sample and reagent solutions to the surface. 

in preferred embodiments, the device further has an 
optical reader to determine the result of each assay; the 
device has a blotting or blowing means configured and 
arranged for drying the surface; and the device provides 
a' quantitative or qualitative assessment of a sample 

applied to the device. 

in another aspect, the invention features a method 
i for detecting an analyte of interest, by the steps of 
providing a detection device having a light reflective or 
transmissive substrate supporting one or more layers with 
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an adhering attachment layer to which is affixed a 
receptive material which specifically interacts with the 
analyte of interest, reacting the device with a sample 
potentially containing the analyte under conditions in 
5 which the analyte binds to the receptive material, and 
reacting bound analyte with a reagent which creates a mass 
change on the surface of the device. 

In preferred embodiments, the device has a substrate 
of planar reflective material supporting an attached layer 

10 of immunologically active material; the substrate consists 
of a planar reflective material; the substrate and the 
attached layer polarize radiation ellipsometrically upon 
reflection; the reagent increases or decreases the mass on 
the device, e.g.. the reagent is an enzyme, or includes a 

15 polymeric latex, such as a film forming styrene -butadiene 
copolymer which is covalently attached to a secondary 
receptive material specific to the analyte of interest; 
most preferably, the reagent is an enzyme conjugate, which 
includes an anti-bacterial-antibody-enzyme complex; the 

20 reagent causes precipitation of mass by a precipitating 
agent, such as a substrate for an enzyme, e.g.. containing 
3 , 3 1 ,5,5' -tetramethylbenzidene . 

In a related aspect, the invention features a kit for 
an optical assay for an analyte of interest having a test 

25 device with an optically active surface reactive with the 
analyte, and a reagent adapted to react with the analyte 
bound to the surface to alter the mass on the surface. 
Preferably, the reagent is an enzyme conjugate or a 
polymeric latex. 

3 0 In another related aspect, the invention features a 

method for detecting an analyte of interest in a sample, 
by the steps of providing a thin film optical immunoassay 
device having a substrate, having an upper and a lower 
surface, and supporting on its upper surface, an unlabeled 

35 antibody layer bound to the substrate, at least one layer 
containing the analyte from the sample, the analyte con- 
taining layer supporting at least one layer having an 
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enzyme conjugate complexed with the analyte; contacting 
the enzyme conjugate with a precipitating agent; incubat- 
ing for a time period sufficient to cause precipitation of 
product from interaction of the precipitating agent and 
5 the enzyme; and optically measuring the mass change of the 
enzyme conjugate layer and the unlabeled antibody layer as 
an indication of the amount of the analyte in the test 
sample . 

Preferably, the enzyme conjugate has an immobilized 
10 peroxidase or an anti-bacterial anti -body- horseradish 
peroxidase complex; or the enzyme conjugate is alkaline 
phosphatase and comprises an anti-bacterial-antibody- 
alkaline phosphatase complex; and the precipitating agent 
is a substrate containing 5-bromo-4-chloro-3-indolyl 

15 phosphate. 

in another aspect, the invention features an 
instrument configured and arranged to detect the presence 
or amount of an analyte of interest on the substrate of an 
optical device. The instrument has a source of linearly 
20 polarized, monochromatic light positioned at an angle 
other than Brewster's angle relative to the substrate, and 
an analyzer positioned at the angle relative to the 
substrate at a location suitable for detecting reflected 
polarized light from the substrate. The analyzer is 
25 configured and arranged to approximately maximize change 
in the intensity of the light reflected from the substrate 
that is transmitted through the analyzer when a change in 
mass occurs at the substrate relative to an unreacted 
surface. 

30 in another aspect, the invention features a method 

for optimizing an optical assay device for an analyte, by 
the steps of providing a substrate having a chosen thick- 
ness of an optically active layer thereon, providing an 
attachment layer of a chosen thickness on the optical 

35 coating, providing a receptive layer of a chosen thickness 
for the analyte, wherein at least one of the thicknesses 
of the optically active layer, attachment layer and 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



16 

receptive layer is varied to provide a plurality of thick- 
ness of the layer, contacting analyte with the receptive 
layer under conditions in which an increase in mass on the 
receptive layer results, and determining the optical 
5 thickness of the at least one thickness of a the layer. 
Preferably, the thickness of optical coating is varied 
incrementally along the length of the substrate. 

Applicant has discovered that one feature useful for 
optimization of the claimed devices is the use of a 

10 substrate having a known refractive index having an anti- 
reflective layer attached to the upper substrate surface 
consisting of at least one layer of a material able to 
attach to the upper substrate surface and at least one 
layer of a receptive material positioned most remote from 

15 the upper surface and selected from materials specific to 
bind said analyte of interest in a fluid to be tested. It 
is important that the anti-reflective layer has a refract- 
ive index which is approximately the square root of the 
known refractive index of the substrate surface material 

20 adjacent to the anti-reflective layer, and has a thickness 
less than an odd number multiple of a quarterwave of the 
wavelength of a light incident upon the device. 

That is, applicant has discovered that in order to 
optimize devices of the present invention it is necessary 

25 to deviate from previously developed mathematical algo- 
rithms (see Table 3, of the "Handbook of Optics" , Walter 
G. Driscoll, and William Vaughan, editors, McGraw-Hill 
Book Co., NY, 1978, pp. 8-48 to 8-49) reflecting the 
desired thickness of specific optical layers in the device 

3 0 (see Background of the Invention) . Thus, while such math- 
ematical formulae may provide an indication of a general 
thickness that might be useful in a rather insensitive 
device, the method of this invention provides a device 
with significantly and surprisingly greater sensitivity. 

3 5 Below is provided an indication of the methodology by 

which the optimal materials and methods useful for con- 
struction of optical test surfaces of this invention can 
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be made. Generally, the present invention includes novel 
optically active test surfaces for the direct detection of 
an analyte, whether through colored signal generation 
detectable by eye or instrumented analysis. These test 
5 surfaces have a specific receptive material bound to the 
test surface by use of an attachment layer. Thus, the 
present invention provides a detection method which 
includes selecting an optical substrate, attaching 
receptive material specific to the analyte of interest on 
10 the upper layer of the substrate, contacting the receptive 
material with a sample fluid containing the analyte of 
• interest, and then examining the change in reflection or 
transmission produced at the coated surface by observing 
a change in first color. 
15 The present invention has a broad range of 

applications and, may be utilized in a variety of specific 
binding pair assay methods. For instance, the devices of 
this invention can be used in immunoassay methods for 
either antigen or antibody detection. The devices may be 
adapted for use in direct, indirect, or competitive detec- 
tion schemes, for determination of enzymatic activity, and 
for detection of small organic molecules (e^, drugs of 
abuse, therapeutic drugs, environmental agents), as well 
as detection of nucleic acids. 

Devices of this invention feature a test surface 
suitable to performing assays which can be developed from 
a wide variety of substrates, anti-reflective, attachment, 
and receptive materials which can be introduced into a 
user friendly, broadly applicable assay device and proto- 
col may be used in a format which allows multiple test 
results from a single assay, and may be used to allow 
multiple analytes to be tested with a single sample in a 
simple way. 

The use of an optical thin film or anti-ref lectxve 
35 (AR) coating is one component in the device responsible 
for the observed color change. The devices of the present 
invention also provide improved performance attributes for 



20 



25 



30 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



18 

assays which do not require this level of sensitivity. 
The improved performance attributes include length of 
assay, ease of interpretation, and flexibility in assay 
format and protocol . 
5 Other features and advantages of the invention will 

be apparent from the following description of the 
preferred embodiments thereof, and from the claims. 

Description of the Preferred Embodiments 

The drawings will first briefly be described. 

10 Drawings 

Fig. 1 is a diagrammatic representation of the 
interference phenomena central to the devices and methods 
of the present invention; 

Fig. 2 is a diagrammatic representation of specular 
15 and non-specular or diffuse substrate surfaces; 

Fig. 3 is a diagrammatic representation of a method 
of the present invention for selection of optimal 
interference films for use in devices of the present 
invention; 

2 0 Fig- 4 is a representation of the attachment of 3- 

aminopropyltriethoxysilane to an optical surface; 

Fig. 5 is a diagrammatic representation of the 
attachment of multivalent siloxanes which are useful to 
produce devices of the present invention; R may be any one 

25 of a number of groups which do not interfere with the 
attachment of the chemically active groups to the silica 
atoms present on an optical surface, and which do not 
interfere with the later attachment of receptor ( e.g. , 
biological) moieties, for example, such R groups may be 

30 primary, secondary or tertiary amines, alcohols, ethoxy 
groups, phenyl groups and aromatic groups, among others; 

Fig. 6 is a diagrammatic cross-sectional representa- 
tion of devices of the present invention, which are useful 
for either instrument read results, or for eye-visible 

35 readable results; 
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Fig. 7 is a diagrammatic representation of a method 
of the present invention in which an optical signal is 
obtained or enhanced by provision of mass on the optical 
surface; e^, by use of an antibody having a latex bead, 
or by use of an enzyme labeled antibody to cause catalytic 
deposition of product material onto a substrate; 

Figs. 8A-8G are isometric and exploded views of a 
device of the present invention; specifically, Figs. 8A, 
8B, 8C, and 8D are respectively a top view, a bottom view, 
an isometric side view, and a side view of the device, 
Fig. 8E is an isometric view of the device opened for use 
in an assay, Fig. 8F is an exploded view of the test 
surface of the device, and Fig. 8G is an exploded view 
showing various components within the device; 

Figs. 9A-9E are isometric and other views of a multi- 
test device of the present invention, specifically, Figs. 
9A 9B and 9C are respectively a top view, an isometric 
view, and an exploded view of the device, Fig. 9D shows 
the back of the front cover of the device, and Fig. 9E is 
20 the top of the device without the front cover; 

Fig. 10 is a diagrammatic representation showing 
method steps for use of the device shown in Figs. 8A-G; 

Fig. 11 is a diagrammatic representation showing a 
thod of use of a device similar to that shown in Figs. 



15 



me 

25 9A-E; 



Fig. 12 is a diagrammatic representation of a 
potential batch sampling format; 

Fig. 13 is a diagrammatic representation of a prior 
art ellipsometer optical path; 
3 0 Fig. 14a is a diagrammatic representation of a thin 

film analyzer useful in the present invention which uses 
a monochromatic light source and a single photodiode or 
array; 

Fig. 14b is a diagrammatic representation ol a 
35 polychromatic light source and a photomultiplier detector; 
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Fig. 15 is a diagrammatic representation of a 
modification of the prior art ellipsometer 1 s optical path 
which demonstrates a new method for signal detection; and 

Fig. 16 is a diagrammatic representation of an 
5 ellipsometer having a reduced optical pathway length; and 

Fig, 17 is a diagrammatic representation of the 
advantages of a reflective substrate in fluorescent assay 
methods relative to conventional fluorescent methods; 

Fig. 18 is a diagrammatic representation of a fifth 
10 generation star polymer or dendrimer (molecular self- 
assembling polymer) . 

Test Device 

A number of types of optical thin film monitoring 
technology including ellipsometry , multiple angle reflect- 

15 ometry, interference spectroscopy, prof ilometry , surface 
plasmon resonance, evanescent wave, and various other 
forms or combinations of polarimetry, ref lectometry , 
spectroscopy, and spectrophotometry are useful in this 
invention. This invention concerns the application of 

20 such technologies for the detection or measurement of 
changes in the thickness, density, or mass of thin films 
resulting from the concentration-dependent immobilization 
of analytes on a surface of suitably selected binding 
material. Such thin film assay technologies directly 

25 detect or quantitate the material of interest, and are 
alternatives to conventional solid phase assays. Thin 
film engineering problems have obstructed the development 
of test kits suitable to compete with existing diagnostic 
or other assay markets. 

30 There are several critical features to the construc- 

tion of a test surface of a device of this invention which 
combines specif ic ' binding layers and optical materials. 
More specifically, special considerations are required for 
combination of specific binding material with an anti- 

35 reflective or interference film. Each feature is 
discussed below, but in general, one must evaluate the 
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interrelationships between an optical substrate, an 
optional optical thin film or interference film or anti- 
reflective (AR) film, an attachment layer, and the 
receptive material to be used in the composite test 
5 surface, as well as the final assay device requirements. 
The desired end use, visual/qualitative, instrumented/ 
quantitative, and instrumented/qualitative will determine 
which feature of each component is selected in the 
production of a final useful test device of appropriate 
10 sensitivity and performance characteristics. 

Referring to Fig. 1, there is shown the general 
phenomenon of light interference that is central to the 
utility of one embodiment of the present invention. This 
phenomenon is generally independent of the macroscopic 
surface characteristics of the test device. For example, 
it is important only that the device cause a change in the 
observed color of light reflected from the surface, and it 
is not necessary to provide any specific pattern on the 
surface, such as a diffraction grating or any related 
pattern. Thus, generally the surface is a planar surface 
with no specific pattern provided thereon. However, the 
surface may be provided in a shape or design that is visu- 
ally useful to the human eye. An unreacted test surface 
causes white light incident at the device to be reflected 
25 as gold light, whereas a reacted test surface, due to the 
additional matter from analyte binding will cause the 
incident white light to be reflected as purple or blue 
light. The change from gold to purple or blue indicates 
the interference difference between the reacted and the 
3 0 unreacted test surfaces. 

Fig. 6 shows in a diagrammatic form the general 
structure of various types of test surfaces of devices 
utilizing the present invention. For an instrument -read 
device the surface is provided with a substrate, an 
attachment layer and a receptive material layer, and may 
optionally also be provided with amorphous silicon and/or 
a metal film. In contrast, for visually readable devices 
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it is necessary to provide an optical thin film (or an 
interference film) which, together with the attachment 
layer and receptive material layer, form a composite 
interference film. These various layers and their 
5 interactions are now discussed by way of exemplification. 

Substrate 

One or more thin films on a surface may attenuate 
incident light on that surface producing a change in the 
incident light that may be measured either by reflectance 

10 or transmittance. Reflection occurs when light encounters 
a medium of a different refractive index than the ambient 
medium. The ambient medium is generally air with a 
refractive index of 1.0. Transmission is a general term 
describing the process by which incident light leaves a 

15 surface or medium on a side other than the incident 
surface. The transmittance of a medium is the ratio of 
the transmitted light to that of the incident light. Both 
the reflected or transmitted light can be detected by eye, 
or may be measured with instrumentation. In this inven- 

20 tion, use of such light attenuation in any specific device 
as a measure of the amount of an analyte in a sample is 
possible. The actual structure of the chosen device, 
however, depends on whether a reflection or transmission 
mode is desired, and whether the result is to be inter- 

25 preted by eye or with an instrument. These specific 
combinations are relevant to the choice of a substrate (s) 
and are described generally below. 

Reflectance Mode. Interpretation By Eve 

One example of the phenomenon used in this invention 

3 0 is the interference colors observed when viewing oil on 
water on an asphalt surface. This interference effect is 
very common, and can be seen in a piece of multilayered 
mica, a fragment of ice, a stretched plastic bag, or a 
soap film. The change in color is due to local variations 

35 in the thickness of the material. The colors observed 
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with oil on water are particularly intense and easily 
observed by the eye due to the difference in refractive 
index between water and oil. The colors are further 
intensified because the water provides a mirror- lxke 
5 (specular) reflection. The asphalt surface serves to 
absorb transmitted light, suppressing back reflection, 
which would tend to dilute the colors observed. The eye 
is more sensitive to contrast than to changes in inten- 
sity, therefore, selection of materials should allow for 
10 the production of colors which provide high contrast as a 
result of mass or thickness change at the surface. Films 
may be added to the surface of a material to modify the 
reflectance of one or more wavelengths or band of wave- 
lengths. These types of materials are used to produce 
15 sunglasses, camera lenses, and solar windowpanes . 

When the test surface is designed to produce a color 
change visible to the eye, the optical substrate must 
provide a surface that is reflective only at its uppermost 
surface, and of a known refractive index. Polished, mono- 
20 crystalline silicon, metals, and some ceramics or dark 
glasses provide surfaces which may be used directly in 
this application. These materials inherently contribute 
to the generation of the observed signal and may be 
considered to be optically active. 
25 Materials such as glass or plastics may require 

additional processing before they are useful in this tech- 
nique. A material such as glass will allow reflection to 
occur at its upper and back surfaces. To prevent this, 
and allow such materials to be utilized, an additional 
30 film must be applied to the uppermost surface. Amorphous 
silicon, a thin metal film, or a combination of these 
materials may be used. In this case the glass serves as 
a solid support and is not inherently involved in the 
generation of the observed color, therefore it is 
35 considered to be optically passive. 

Only the refractive index of the uppermost surface is 
important in the selection of the optical thin film or 

SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



24 

anti-reflective (AR) coating when either a single sub- 
strate material or a more complex structure is used (see 
below) . AR materials compatible with a pre-selected 
substrate should approximate the calculations given in 
5 Table 3 pp. 8-48 to 8-49 of the "Handbook of Optics" . 
With monocrystalline silicon this is simply the uppermost 
surface, with transparent glass this is the surface coated 
with amorphous silicon or other material. Adjustments to 
the AR film thickness are made using the wedge experiment 

10 described below. Using a reflective substrate to produce 
a color change perceived by the eye, the addition of a 
film of suitable refractive index and thickness is an 
absolute requirement in determining which wavelengths of 
light are antiref lected. 

15 The optical substrate materials may produce a specu- 

lar reflection, or may be treated to, or intrinsically 
produce, a diffuse reflection which is less angle 
dependent in viewing the signal, as discussed below. 

Transmission Mode , Interpretation Bv Eve 

20 For this technique, the color produce is not viewed 

in the reflected light, but is observed as the light is 
transmitted through a surface. This selective transmis- 
sion of different wavelengths of light is used to produce 
sunglasses, camera lenses, windowpanes, and narrowbandpass 

25 filters. The materials will selectively reflect and 
transmit different wavelengths of light. A narrowbandpass 
filter will reflect a large band of wavelengths of light, 
and will selectively transmit only a very small band of 
wavelengths centered around one specific wavelength. The 

3 0 narrowbandpass filter is constructed of an optical glass 
which is coated on one side with a material which will 
reflect many wavelengths of light-. A change in the 
thickness of the material which coats the optical glass 
will change the useful range of the filter centering on a 

3 5 new set of wavelengths. 
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For this application, the optical substrate selected 
must be transmissive to the visible wavelengths of light, 
thus materials such as monocrystalline silicon, metals, 
certain plastics and ceramics are not suitable unless they 
are extremely thin, transparent sections. Glasses and 
certain transparent plastics are the most useful for this 
application. In this type of technique the substrate is 
optically active. For the generation of a color change 
visible to the eye, the refractive index of the substrate 
impacts the type of AR film which is selected. A uniform 
or smooth surface is required for use in this application 
to prevent loss of signal due to scattering at one or more 
of the transmitting surfaces. 

A glass substrate coated with a layer of amorphous 
silicon may be transmissive to visible light at certain 
angles, if the amorphous silicon layer is sufficiently 
thin. This is also true for a very thin layer of metal on 
a glass substrate. For this type of test surface, the 
viewing should be arranged such that the • amorphous silicon 
is the back surface of the test piece (i^, opposite to 
the viewing surface) . 

Sgflectansg ModfL. I nstrumented Interpretation 

The use of the AR or optical thin film component is 
optional when an instrumented detection is utilized. A 
reflectometer requires a color change or change in lumi- 
nosity (intensity) for generation of a signal. This color 
change may be different from the color change selected for 
visualization by eye, as the instrument will record 
changes in intensity and does not require a maximal change 
in contrast. AR film thickness is preferably adjusted to 
provide the maximal change in recorded intensity as a 
function of analyte binding. In addition, modifications 
to the reflectometer will allow it to also measure changes 
in color /luminosity (intensity) with a specularly reflect - 
35 ing or diffusing reflecting surface. 
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For use with the ellipsometric type of instruments 
the optical substrate should provide a specular reflec- 
tion. Reflection should occur only from the uppermost 
surface. As previously discussed, glass serves only as a 
5 support in this case and is optically passive or not 
involved in the generation of the detected signal. 
Instrumented detection will observe a change in light 
intensity due to its interaction with the thin films. The 
light may be elliptically or linearly polarized, poly- 
10 chromatic, monochromatic, and of any wavelength desired. 

Transmission Mode, Instrumented Interpretation 

Any optical substrate which is transparent to the 
incident light may be used in this application, whether 
that light is polychromatic, monochromatic, linearly 

15 polarized, or elliptically polarized, and of any wave- 
length desired. Use of an AR film is optional in this 
application, but if required for use with a ref lectometer , 
the rules presented for the interpretation by eye also 
apply here. Thus, the refractive index of the optical 

20 substrate influences the selection of the AR coating. 
Design of the ref lectometer is easily modified to allow 
reflection or transmission measurements to be made. 

When a change in the transmitted light is to be made 
independent of any color, an AR film is not required. The 

25 only requirement for the substrate in this application is 
that some component or components of the incident light be 
transmitted, and that a change in mass or character on the 
uppermost surface of the test piece modifies the trans- 
mitted light in a detectable manner. Materials such as 

30 the Irtran series produced by Eastman Kodak may be of use 
iri this application for monitoring changes in the infrared 
(IR) properties of these films. 

Thus, the term "substrate" includes not only a solid 
surface for holding the layers described below, but also 

3 5 an optically active substrate which may include an optical 
thin film. For clarity, these two portions of a substrate 
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are discussed separately, but those in the art will 
recognize that all that is essential in this invention xs 
that the layers (to which the attachment layer and other 
layers are attached), be optically active to provide a 
detectable change in the thickness or mass of these 
layers as described above. 

The optical substrate is either a solid material, or 
supports a layer of material which acts optically. These 
materials must have a known refractive index if it is to 
be combined with an optical thin film to produce an inter- 
ference effect. Thus, it may be formed from any desired 
material which is reflective or made reflective, as dis- 
cussed below. For instrument use, the substrate can also 
be transparent (e^, glass or plastic) so that trans- 
15 mitted light is analyzed. 

This invention is suited to use of a variety of 
optical substrate materials and formats to suit the needs 
of the end user. The optical substrate can be formed of, 
or have coated on it, a material that provides either dif- 
fuse or specular reflection, it may be rigid or flexible, 
reflective or transmissive, and it may form an optically 
functional component of the test surface, or it may act as 
an optically passive support (and be provided with optic- 
ally active layers). Devices designed for instrumented 
analysis may not require an anti-reflective (optical thin 
film) coating on the substrate, while those designed for 
viewing by eye may require such a coating. Criteria 
useful for selecting an optical substrate for instrumented 
applications, or for viewing by eye of a color-signal 
generating application, are presented below. 

A wide range of rigid materials may form the optical 
substrate, including glass, fused silica, plastic, 
ceramic, metal, and semiconductor materials. The sub- 
strate may be of any thickness desired. Flexible optical 
35 substrates include thin sheets of plastic and like 
materials. Most substrates require only a standard 
solvent, plasma etching, or acid cleaning, well known to 
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those skilled in the art, before subsequent layers may be 
deposited on them. 

For color-signal generation visible to the eye, an 
anti-reflective coating material is required. Polymer 
5 films, such as mylar (polyethylene terapthalate) and other 
materials having a low surface energy may not adhere well 
to such material and may require additional treatment 
before this layer can be deposited. To improve adhesion 
these optical substrates may be etched in an oxygen 

10 plasma, under conditions standard for oxygen plasma 
cleaning in semiconductor processing. 

The surfaces of many solid materials, such as glass, 
and semiconductor materials, such as silicon, metals, 
etc., are sufficiently smooth to provide specular reflec- 

15 tion if they are polished. For use in a reflection-based 
assay the major requirement in selecting an optical sub- 
strate is that the reflection occur, or be made to occur, 
only at the upper surface. This is especially critical 
for devices which include an interference film and are to 

20 be viewed by eye. This is easily accomplished by vapor 
deposition of a thin metal film on the substrate, and 
attachment of subsequent layers by techniques known to 
those skilled in the art. For example, the uppermost 
surface of a glass substrate may be coated with a layer to 

25 prevent unwanted reflections from the lower surface. 

Metal Layer 

If the substrate is to be used in a reflection mode, 
and is partially or fully transparent, it may be coated 
with an opaque material to block transmitted light and 

30 allow reflection to occur only from the upper surface. 
For example, a glass substrate may be coated with a layer 
of aluminum, chromium, or other transparent conducting 
oxide, by mounting in a vacuum chamber facing an aluminum- 
filled tungsten boat. The chamber is evacuated to a 

3 5 pressure of 1 x 10" 5 Torr. Current is passed through the 
tungsten boat, raising it to a temperature at which the 
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aluminum deposits on the substrate at a rate of 20A/second 
for 100 seconds, coating the glass with an opaque layer of 
aluminum having a thickness of 2000A. Thinner layers of 
aluminum or chromium may also be used to eliminate any 
5 back surface reflections. Non-conducting deposition 
techniques may be used to deposit the metal film. 

amor phous Silicon 

The aluminum- coated glass, described above, may be 
considered optically passive. Thus, if it is coated with 
10 a layer of hydrogenated amorphous silicon (a-Si:H), the 
optical characteristics of the substrate will be derived 
from the a-Si:H alone. The aluminum- coated glass is 
required only when the amorphous silicon deposition 
process requires a conducting surface. Techniques which 
15 do not require the use of a conducting surface for the 
deposition of amorphous silicon are known. To produce 
this substrate, the aluminum- coated glass is mounted on 
one of two opposing electrodes in plasma -enhanced chemical 
vapor deposition system. The system is evacuated, and the 
20 substrates are heated to 250°C. A constant flow of silane 
(SiH 4 ) gas into the chamber raises the pressure to 0 . 5 
Torr. A plasma is struck by applying 10 rnW/cm 2 of RF power 
to the electrodes. A film of a-Si:H deposits on the 
substrates, and grows to a thickness of approximately 10 00 
25 nm in about 75 minutes. The a- Si :H so formed may form the 
first optically functional layer on the test surface. 

A glass substrate coated only with a-Si:H (without 
the aluminum layer) is also useful in this invention. 
Transparent substrates, such as glass, fused silica. 
30 sapphire, and many plastics may be used in instrument 
transmission measurements, without additional modifica- 
tion. Color-signal generation visible to the eye is 
possible with a transmissive substrate where the anti- 
reflection properties of the coatings are determined from 
35 the transmitted light. 
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Many of the substrates with a sufficiently reflective 
surface for thin film measurements are formed of metals. 
Examples of these metals, include but are not limited to, 
iron, stainless steel, nickel , cobalt , zinc, gold, copper, 
5 aluminum, silver, titanium, etc . and alloys thereof. 
Metals are particularly useful substrates when an instru- 
ment detection method is employed. For instrumented 
measurement systems, the main requirement is that the 
substrate be reflective and planar. In contrast, for eye 

10 visible color signal generation it is very difficult, but 
not impossible, to match the reflectivity of the metal 
with a suitable anti-reflective coating. The reflectivity 
of the optical substrate and the optical thin film (see 
below) used must match for the optimal production of an 

15 interference color. Thus, devices designed for color 
production are generally formed from other substrates, or 
from amorphous silicon-coated metal substrates as 
discussed above. 

Non-Specular Surface 

20 Referring to Fig. 2, there is a diagrammatic repre- 

sentation of a general concept of the present invention in 
which rather than providing a specular substrate (in which 
the surface is mirror-like or almost mirror-like) , the 
surface is manufactured in a manner which will create 

25 irregular bumps as shown diagrammatically in Fig. 2 and 
referenced by the symbol B. These bumps are significantly 
exaggerated in the figure and are generally of a size 
between 1 nm and 100 /zm, most preferably between about 100 
nm and 100 /xm. Again, these bumps are not provided in any 

3 0 regular manner, (such as in the form of a diffraction 
grating) , but rather are provided simply to cause a 
general scattering of light incident upon the surface. By 
such provision it becomes unimportant from which direction 
the light incident on the substrate is angled and the 

3 5 color change noted in Fig. 1 can be observed by holding 
the substrate at any angle to incident light, or to the 
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observing eye. Both instrument and eye-visible color 
signal generation surfaces can be constructed with 
specular or diffuse reflecting substrates. 

A surface that provides a diffuse reflection can be 
obtained in several ways: physical abrasion, chemical 
abrasion, or coating of a material. Specular substrates 
may be roughened by physical abrasion using a compound 
containing grains of silicon ' carbide to form a diffuse 
surface. Alternatively, the material may be chemically 
abraded. For example, a monocrystalline silicon wafer may 
be etched in an aqueous solution of 30% potassium hydrox- 
ide (by weight) at 80°C to form a rough surface composed 
of pyramid structures. The abrasion process may be 
followed by an isotropic etch, well known to those skilled 
15 in the art, to yield an irregular surface that produces a 
diffuse reflection. 

The diffusing properties of the substrate may also be 
produced by a coating. For example, polystyrene spheres 
having a diameter of 2 microns may be suspended in a 
fluid, such as a polyamide- containing solution. A glass 
slide is vacuum mounted onto a spin coater, and the 
central portion of the slide covered with the solution. 
The spin coater is switched on for several seconds at 3 000 
rpm, causing the spheres in the solution to disperse 
uniformly over the surface. The fluid is allowed to dry, 
yielding a surface that produces a diffuse reflection. 

Embodiments of the present invention include use of 
an optical substrate with an irregular surface to produce 
diffuse light reflection. They also include use of a 
smooth optical substrate surface covered with, overlaid 
by or observed through, a light diffusing or light 
modifying material such as or textured plastic. Viewing 
through such a plastic produces a similar effect to that 

discussed above. 
35 in one example, the optical substrate is formed from 

a silicon crystal which is grown and extruded to 4 inches 
in diameter and then diamond sawed to form a wafer. The 
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wafers are treated with chemical etchants to smooth the 
surface and reduce flaws. The wafers are lapped or ground 
with aluminum oxide , titanium oxide, or silicon carbide 
particles in a talc slurry. The initial grain size is 
5 large and successively smaller particle sizes are used to 
produce an increasingly smoother surface. Both sides of 
the wafer are subjected to this process. The final lap- 
ping process leaves a very diffusely reflective surface. 
Wafers may be further processed with chemical or plasma 

10 etching to modify the diffuse reflecting characteristic of 
the substrate . 

Once the wafers are lapped, they are cleaned using 
the following process or a known modification thereof: 
the wafers are sonically cleaned with a cationic deter- 

15 gent, followed by a rinse with 18 megaohm water. Then 
they are cleaned with an anionic detergent, followed by a 
rinse in 18 megaohm water. They are ultrasonically 
cleaned with an aqueous ammonia solution made of 370 ml of 
3 0% H 2 0 2 , 250 ml of aqueous ammonia and 9 gallons of water, 

20 and are rinsed in a cascade of water with the final rinse 
being with 0.1 micron filtered water. They are then spin- 
dried and are ready for optical coating. An alternative 
to this procedure is the "RCA Clean" described in Polymer 
Surfaces and Interfaces , edited by W.J. Feast and H.S. 

25 Munro, John Wiley and Sons, N.Y. N.Y., page 212, 1987. 

For glass, the degree of surface character or the 
irregularity is discussed in terms of gloss. The diffuse 
reflective capability of the surface described here refers 
to the degree to which the reflection is scattered com- 

30 pared to a pure specular reflection. Diffuseness is a 
function of the surface topography and because the rele- 
vant topography is much larger than the interference film 
or biofilms, the fuzziness is not expected to vary 
significantly for different specific binding material . 

35 For eye-visible color-signal generation the film will 
affect the lightness or color of the reflected light, but 
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not its diffuse character. Diffuse surfaces which produce 
color signal are particularly useful with ref lectometers . 

The surface topography, and hence fuzziness or 
irregularity may be characterized with a surface profilo- 
meter, such as the Dek-tak® (Sloan Technology Corp., Santa 
Barbara, California) . The Dek-tak® provides readings on 
the separation or distance between surface features and an 
average value for the height of surface features over a 
defined region of a surface. One useful measure of the 
surface is the Root Mean Square (RMS) or average surface 
roughness divided by the average peak spacing, where a 
peak is defined to be a protrusion with a height of at 
least 50% of the RMS roughness. Since roughness is a 
function of the reflectivity versus angle, it may be 
quantified by measuring the angle dependence of the 
reflectivity. For a light source incident at 30° from 
normal, the reflected light intensity on a photodiode 
should be measured as a function of the angle from 0° to 
90°. The wafer selected should optimally show a smoothly 
varying reflectivity over the angular range viewed. Using 
a HeNe laser light source, the specular reflectance from 
a roughened surface useful in this invention should be 
less than 5%, assuming a polished wafer reflects at 100%. 
In an embodiment of the present invention, articles 
25 having the non-specular, i.e., irregular, surfaces are 
characterized by peak values between about 2700 and 3295 
with a preferred measurement of approximately 2995. This 
value represents the RMS roughness divided by the average 
peak of the textures. 

In addition to abrasive lapping, a wide range of 
chemical or plasma etching techniques are suitable for 
providing the diffuse properties of the substrate. For 
example, glass can be modified to a diffuse light reflect- 
ing surface using a HF etch as in the production of 

35 frosted glass. 

For the color-signal generation, substrate selection 
will determine the characteristics of the anti-reflective 
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material or materials used in subsequent coating steps. 
Below is described the selection of anti-reflective 
materials based on initial substrate select ipn. 

The substrate material may be cut, sawed, scribed, 
5 laser scribed, or otherwise manipulated into the desired 
test piece configuration. Suitable test pieces for a 
single use assay are 0.5 cm 2 to 1 cm 2 with 0.75 cm 2 being 
preferred. Test piece sizes are not restricted to the 
above, as alternative formats may require substantially 
10 more or less reactive test surface. 

Optional Optical Thin Film Material (s) 

Referring to Fig. 1, the simplest description of a 
single optical thin film is that the substrate is coated 
with a thin layer of material such that reflections from 

15 the outer surface of the film and the outer surface of the 
substrate cancel each other by destructive interference. 
Two requirements exist for exact cancellation of reflected 
light waves. First the reflections must be 180° out of 
phase and second they must be of equal amplitude or 

20 intensity. 

In the reflection mode, the optical thin film 
properties of the coatings of a device of this invention 
suppress the reflection of some wavelengths of light and 
enhance the reflection of others. This causes the sup- 

25 pressed wavelengths of incident light to enter the 
substrate, or an opaque coating on the substrate where 
they are absorbed. Most of the light of other wave- 
lengths, whose reflection is not suppressed, does not 
enter the coated substrate and is reflected, however, some 

3 0 components may be absorbed. As the optical thickness of 
the coating changes, the range of wavelengths in the 
reflected light changes. In transmission mode, the 
properties of the coatings suppress the reflection of some 
wavelengths of light and enhance the reflection of others, 

35 as in the reflection mode. This causes the suppressed 
wavelengths of the incident light to enter the substrate 
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and to be transmitted. Light of other wavelengths, whose 
reflection is not suppressed to as great an extent is 
reflected, and transmitted to a lesser extent. As the 
optical thickness of . the coating changes, the range of 
5 wavelengths in the transmitted light changes. 

Where eye-visible color-signal generation is required 
(see Fig. 6, right hand side), the final assay result may 
also be measured by instrumentation. Ideally, for the 
production of a perfect interference film using only the 
10 specific binding materials discussed below, and an optical 
substrate, the substrate should have a refractive index of 
the square of the refractive index of the receptor layer 
(see below), i^, U-S) 2 or 2.25, variations in this 
number can still provide useful devices of this invention 
as will be discussed below) . The material selected should 
be mechanically stable to subsequent processes, reflect- 
ive, and of known refractive index. It is not always 
possible to match the optical substrate to a particular 
film. For example, a biological film. In these cases, an 
intermediate optical thin film must be used to compensate 
for the lack of a suitable optical substrate. For eye- 
visible color-signal generation, the substrate material is 
subject to two restrictions: first, it must adhere to the 
optical thin film material, and second, in the simplest 
25 case, the refractive index of the substrate should approx- 
imately equal the square of the refractive index of the 
material directly above it or, on a more complex test 
surface, the refractive index of the substrate should be 
selected to fit generally one of the formulae in Table 3, 
30 pp 8-48 to 8-49, of the "Handbook of Optics". For 
example, use of a silicon wafer with a refractive index of 
approximately 4.1 allows a test surface to be designed 
with a wide variety of corresponding optical thin films or 
anti-reflective materials. The material should be coated 
35 to a thickness of a quarterwave for the wavelengths to be 
attenuated, or variations in the formulae given in Table 
3 Those skilled in the art will realize that various 
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other substrate materials are equally suited for use as a 
test surface if they satisfy the above criteria. 

The optical thin film coating is deposited onto the 
surface of the substrate by known coating techniques. For 
5 example, by sputtering or by vapor phase deposition in a 
vacuum chamber. Various other useful coating techniques 
are known to those skilled in the art. Materials useful 
as optical thin film coatings are formed of clear material 
which is significantly transmissive at the thickness util- 
10 ized, and suppresses some wavelength of reflective light 
when coated onto the substrate. The film, once deposited 
onto the optical substrate, is also stable to subsequent 
processes. 

Preferably this test surface will have fewer optical 

15 layers, but more complex test surfaces possessing more 
layers corresponding to the formulae provided in Table 3 
with modifications discussed below. As already noted, the 
theoretical calculations are the starting point for 
material selection. Theoretical considerations may be 

20 used to determine which materials are compatible with a 
pre- selected substrate. The coating thickness may be set 
at the predetermined quarterwave thickness or to a 
preselected interference color. However, for the 

construction of a specific binding material optical film 

25 composite of this invention a number of adjustments are 
required to the initial coating. These adjustments are 
described below. 

For example, a substrate such as a polished silicon 
wafer has a refractive index of approximately 4.1. To 

30 maximize the utility of the test surface in accordance 
with the first equations in Table A, the optical thin film 
material selected should have an index of refraction of 
2.02 ( i.e. , the square root of 4.1). Maximal "apparent" 
color change is achieved for silicon with materials having 

35 refractive indices near 2.0, such as silicon nitride 
(Si 3 N 4 ) or silicon/silicon dioxide composites. Other 
optical thin film materials that have a similar refractive 
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zinc 



index include, but are not limited to: tin oxide, 
oxide, chromium oxide, barium titanate, cadmium sulfide, 
manganese oxide, lead sulfide, zinc sulfide, zirconium 
oxide, nickel oxide, aluminum oxide, boron nitride, magne- 
5 sium fluoride, iron oxide, silicon oxynitride (81,0^,). 
boron oxide, lithium fluoride, and titanium oxide. 

Silicon Nitride 

One method for the deposition of silicon nitride is 
a plasma-enhanced chemical vapor deposition technique 
10 similar to that described above for the deposition of 
a-Si-H It is recognized that this technique, or modifi- 
cations of this technique, are suitable for the deposition 
of a large number of materials. For example, to produce 
Si 3 N 4 , ammonia (NH 3 ) gas is added to silane gas. Silicon 
15 nitride performs well as an optical thin film on sub- 
strates of monocrystalline silicon and polycrystallme 
silicon, or on amorphous silicon and polycrystalline 
silicon on optically passive substrates. 

• The compatibility of the silicon nitride deposition 
20 process with the a-Si:H deposition process produces a very 
cost-effective combination. The two films may be 
deposited as follows. Glass substrates are mounted in an 
evaporation systems where a 2000A thick layer of aluminum 
is deposited on the glass, as described above. Then the 
25 substrates are mounted in a plasma -enhanced chemical vapor 
deposition system, where a 1 micron thick layer of a-Si:H 
is deposited, as described above, followed by a silicon 
nitride layer. In this way an inexpensive reflection-mode 
test surface is formed on a glass substrate. This 
30 approach may be extended to the deposition of these 
coatings on dielectrics and flexible substrates described 
in U.S. patent 3,068,510 issued December 18, 1962 to 
Coleman. 

The refractive index of the silicon nitride, or by 
analogy the silicon/silicon dioxide composites, may be 
controlled in the vapor deposition process. The ratio of 
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gases may be varied, or the deposition rates may be 
varied, and a variety of other methods known to those 
skilled in the art may be used to control or select the 
refractive index of the optical thin film deposited. 

5 Multi-laver Films 

Multi-layer optical thin film coatings may be 
deposited by electron beam evaporation. A substrate is 
mounted in a vacuum deposition chamber, and suspended over 
two or more crucibles of the various material to be 

10 evaporated. Each crucible is then heated by an electron- 
beam gun, and the rate of evaporation monitored using a 
crystal thickness monitor. Each crucible is covered by a 
movable shutter. By alternately opening and closing the 
shutters, the substrate is exposed sequentially to each 

15 vapor stream, until the desired multi-layer stack has been 
deposited, or a multi- component film is deposited. The 
described procedure may be generalized to more than two 
crucibles in order to deposit multiple layers of various 
optical thin film materials, or multi -component films 

20 tailored to a specific refractive index. 

The test surface when coated at a specific thickness 
with a silicon nitride film suppresses certain wavelengths 
in the blue range of visible light and therefore reflects 
a yellow-gold interference color . Although a yellow-gold 

25 interference color is utilized in the examples below, the 
interference color of the test surface can be any suitable 
color in the spectrum of light. The color depends on the 
substrate material selected, the chemical composition and 
refractive index of the optical layer/s selected, and the 

3 0 thickness and number of coated layers. These design 
techniques can also be utilized to produce test surfaces 
with signals or backgrounds in the ultraviolet or infrared 
region of the spectrum of light, however, these test 
surfaces are useful only in instrumented detection of a 

35 bound analyte. 
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For example, lithium fluoride may form one component 
of a multi-layer stack. It has a refractive index of 1.39 
for visible light, and thus forms a one-quarter wavelength 
layer for green light at a thickness of 925A. It may be 
5 evaporated from a ' platinum crucible at approximately 
900°C. 

T-it-aniiim Film 

Titanium films are particularly useful for the 
production of optical films. Such films have advantages 
10 since they use materials which are safer to handle and 
dispose of than other optical materials, such as SiH 4 . The 
method of application is also more cost effective and 
rapid with less instrumentation required. 

Titanium dioxide has a refractive index of approxi- 
15 mately 2.2 for visible light, and thus forms a one-quarter 
wavelength layer for green light at a thickness of 585A. 
Because titanium dioxide decomposes into lower oxides upon 
heating, the evaporated films are not stoichiometric. To 
deposit stoichiometric titanium dioxide the electron-beam 
20 must be pulsed. The deposition occurs at approximately 
2000°C. 

Organotitanates may be hydrolyzed to titanium dioxide 
(Tip,) under conditions which prevent premature polymeriza- 
tion or condensation of titanates. The latter reactions 

25 are base catalyzed. The organotitanate may be mixed with 
an aqueous solvent system and a surfactant. The solvent/ 
surfactant system selected should tolerate a high solid 
content, have good leveling or spreading capacity, and be 
miscible with water. Alcohols and the f luorosurf actants 

30 manufactured by 3M (Minnesota) are particularly useful for 
this method. Hydrolysis of the organotitanate should 
occur prior to any polymerization or condensation, and the 
solvent system should be acidic to prevent undesired 
polymerization reactions. The counter ion supplied by the 
35 acid can be used to improve the solubility of the 
titanium-acetic acid and hydrochloric acid are preferred. 
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A nonaqueous solvent system may be used but the organoti- 
tanate must not be pre-hydrolyzed. The solvent must be 
anhydrous to improve the stability of the coating solu- 
tion. Suitable solvents include toluene, heptane, and 
5 hexane . A surfactant is not required (as in the aqueous 
solvent system) , but may further improve the coating 
characteristics . 

Once the organotitanate and the solvent system are 
mixed, a predetermined volume of this solution is applied 

10 to an optical substrate using a spin coating technique. 
When the organotitanate is mixed with a non-aqueous 
solvent system the solution is applied to the optical 
substrate by dynamic delivery. In a dynamic delivery 
method the substrate is attached to the spin coater and 

15 spun at 4,000 to 5,000 rpm. The solution is applied to 
the spinning substrate which continues to spin until an 
even film is obtained. For aqueous solvent systems, 
dynamic or static delivery of the solution is possible. 
In static delivery, the solution is applied to the 

20 substrate and then the spinning is initiated. The spin 
rate required is dependent on the percent solids in the 
solution, the volume applied to the substrate, and the 
substrate size. The thickness of the titanium layer 
generated is a function of the percent solid, the volume 

25 applied, and the spin rate. 

The titanium dioxide layer may be cured to the 
substrate by a number of techniques. The refractive index 
of the titanium dioxide layer is controlled by the temper- 
ature of the substrate during curing and to a much lesser 

30 degree the length of the curing process. The curing 
process may use a furnace, an infrared heat lamp, a hot 
plate, or a microwave oven. 

Titanium dioxide offers a number of advantages for 
this application: 

3 5 1. It is inexpensive and easy to apply to a wide 

range of optical substrates and is not hazardous 
to produce. 
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2. Its refractive index can be controlled and will 
cover a range from 1.6 to 2.2. Thus, it can be 
used to give an equivalent material to silicon 
nitride with a refractive index of 2.0. 
5 3. The titanol formed at the surface reacts 

chemically similar to silanols in subsequent 
derivatization processes (see below) . 
in addition to the titanates, silicates, aluminum alkyl- 
oxides, and the corresponding analogs of zirconium may all 
10 be used to produce an optical thin film by this method. 

in addition to spin coating the titanium dioxide, 
polysilazanes may be used to produce silicon nitride 
coatings by spin coating. These protocols may also be 
adapted for use in this technology. T-resins such as 
15 polymethylsilsesquioxane or polyphenylsilsesquioxane 
(general formula RSiO u5 ) may be spin coated to the optical 
substrate or support to provide a silicon carbide surface 
with a suitable refractive index for generation of an 
optical thin film. 

20 npfimiza t-ion Procedure. 

A model was developed to select an optimal background 
interference color for any particular combination of sub- 
strate, optical thin film (AR film), attachment layer and 
receptive material. Since the mathematical models devel- 
25 oped to date are not effective to provide useful devices 
of the present invention, these models are used only as a 
starting point in the device construction. Optimization 
is necessary to provide a device of this invention. For 
illustration purposes only, the selected substrate was a 
30 silicon wafer and the optical material selected was Sili- 
con nitride. The most highly contrasting colors observed 
were a yellow-gold changing to magenta with an increase in 
mass on the test surface. 

Referring to Fig. 3, a method for selection of the 
35 optimal thicknesses of each layer for a device of the 
present invention is disclosed for a silicon nitride film 
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on silicon- In step 1, a silicon substrate is provided 
either with a specular or non-specular surface. A silicon 
nitride film is provided on this surface and, as shown in 
steps 2 and 3, is eroded away in a stepwise fashion by 
5 heating and stirring in an appropriate solution. The 
timing of each step is selected such that the portion 
which is subjected to erosion for the longest period of 
time exhibits a pale gold color, while that portion which 
is not exposed to erosion exhibits a deep blue color. In 

10 steps 5 and 6 respectively, an attachment layer and a 
receptive material layer for analytes to be detected are 
provided on the silicon nitride. These layers are pro- 
vided in a thickness which may be determined empirically, 
or can be similarly optimized ( e.g. , in this stepwise 

15 fashion) if so desired. In step 7, an assay is performed 
with three portions of the strip being treated in a 
different manner such that a negative response, a weak 
response, and a strong response can be recorded. The 
results are shown in step 7, and the thickness of silicon 

20 nitride useful in the invention can be determined by those 
sections providing the strongest weak positive response in 
the test. 

Specifically, a silicon wafer was prepared with a 
thick coating (800A) of silicon nitride so that the wafer 

25 appeared to be a deep blue. Then the optical thin film 
material was etched off the wafer in a hot, phosphoric 
acid bath to produce a wedge of interference colors. The 
optical material was etched such that 300A remained at one 
end of the wedge and 70 OA remained at the other end of the 

30 wedge. (At 180°C the silicon nitride was removed at 
approximately 20A per minute.) 

The etched, wedged test surface was coated with an 
attachment material, and then a receptive material. The 
reactive surface was analyzed with a negative, a weak 

35 positive, and a strong positive sample. The thickness of 
the optical material was then measured at the wedge seg- 
ments which appeared to provide the most distinctive color 
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change, or visual contrast. The optimal film thickness is 
most readily selected based on the composite test surface 
analysis. This process maximizes the visual contrast 
obtained for the specific assays. 
5 Silicon nitride is easily etched to produce the wedge 

of thicknesses needed for this empirical evaluation. Many 
materials are susceptible to an acid etching or base 
etching process. Other chemical methods of etching the 
material are possible. If a desired optical film is not 
10 easily removed from a particular optical substrate because 
the film is too easily destroyed, or the optical substrate 
is not stable to the required etchant, another method of 
generating the wedge may be used. For instance, monocrys- 
talline silicon is not stable to prolonged exposure to 
15 basic solutions. If an optical film on silicon requires 
a basic etchant the wedge can not be generated using a 

chemical approach. 

Several alternatives exist: (1) the optical film may 
be deposited on an optical substrate which is introduced 

20 stepwise into the coating chamber over a period of time. 
Each newly exposed section will receive a thinner coating 
than the previously exposed section. (2) The substrate 
may be masked and the mask removed stepwise over a period 
of time. (3) Several different coating runs each produc- 

25 ing a different thickness of optical material may be 
performed. (4) Ion milling may also be used to etch 

certain materials. 

For any given optical substrate and a substitute 
optical thin film of the same refractive index as the 

30 original optical thin film, this optimization need not be 
repeated. The above method was used to establish that a 
480 - 520 A film of Si 3 N 4 , with a refractive index of 2.0, 
was required for a silicon wafer (optical substrate) to be 
used in a binding assay (see Example 2). It has been 

35 demonstrated that Ti0 2 at a refractive index of 2.0, using 
the same attachment layer and receptive material, requires 
a 480 - 520 A coating. Minor thickness adjustments may be 
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required if the refractive index is not exactly that of 
the original material* 

Thus, the formulae established for the coating of 
optical thin films are used as a guideline only for the 
5 production of a test surface suited to a specific binding 
assay. For a pre-selected substrate, the square root 
dependence of an optical thin film is used to screen 
appropriate optical materials. Some deviation from the 
perfect square root dependence is acceptable for this 

10 invention. The use of a quarterwave thickness of the 
optical coating is only an initial guide to coating 
thickness. Thickness of the optical thin film must thus 
be empirically derived in consideration of the specific 
binding materials. The composite specific binding optical 

15 thin film of this invention does not meet the conditions 
theoretically required to produce such a film. Neither 
the thickness nor the refractive index rules are followed. 
Surprisingly such deviation from these accepted formulae 
results in a test surface which is very sensitive to mass 

2 0 changes or thickness changes. 

While of less importance, the relative thicknesses of 
each layer, and not just the optical thin film layer, may 
be varied as described above to optimize the final test 
device for any particular attachment layer and receptive 

25 material layer . 

Attachment Layer 

This invention is further concerned with materials 
and methods for producing a layer which attaches the 
specific binding layer to the optical substrate or optical 

30 thin film. Specifically, the invention pertains to a 
method for producing an attachment layer which optimizes 
the functional density, stability, and viability of 
receptive material immobilized on that layer. The attach- 
ment materials selected must be compatible with the 

35 biological or receptive materials, must physically adhere 
or covalently attach to the upper test surface (whether an 
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optical thin film is included or not) , must preferably not 
interfere with the desired thin film properties of the 
test surface, and must be sufficiently durable to 
withstand subsequent processing steps. 

The density and stability of immobilized receptive 
material (or, in some cases, enzymes) must be controlled 
to optimize the performance of an assay test surface. 

Applicant has determined that one problem in obtain- 
ing useful devices of this invention was the extremely 
limited macroscopic and/or microscopic surface area of the 
test films employed in a thin film assay as compared with 
the microscopically convoluted surface characteristics of 
other conventional solid phase assay materials. In most 
cases, the optical substrate must be evenly coated with a 
continuous attachment layer that protects the receptive 
material from any toxic effects of the reflective 
substrate while adhering it to the surface. 

in conventional solid phase assays, the larger test 
surfaces generally employed, such as microtiter wells, 
have much greater total surface area and microscopically 
convoluted surfaces relative to a thin film substrate. 
Thus, the amount of receptive material immobilized com- 
pensates for any sparsity in coverage, or any losses xn 
viability (ability to bind analyte) which result from 
conformational or chemical changes caused by the immobil- 
ization process. It also compensates for any receptive 
material which may be unavailable for binding due to poor 
orientation. Thus, applicant has discovered that xn 
direct thin film assays the surface area limitations 
30 require the use or development of special materials and 
procedures designed to maximize the functional density, 
viability, stability, and accessibility of the receptxve 
material . 

Much of the original work to adapt siliceous 
35 materials for retention of specific binding molecules 
originated with affinity chromatography applications and 
used silica (Si0 2 ) gel, and solid supports such as glass. 
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Initial activation of silica towards the binding material 
was accomplished by treatment with a dichlorodimethyl- 
silane. Silanization, regardless of the process used to 
apply the silane, can introduce groups capable of 
5 covalently attaching the molecule by chemical means. 

Previously, optically active surfaces have been made 
hydrophobic by use of dichlorodimethylsilane (C 2 H 6 C1 2 ) which 
bonds with hydroxyl groups on the surface of silica to 
attach two methyl groups to that surface. Thus, a slight 

10 hydrophobicity results. Applicant has determined that 
such a reaction does not produce an optimal surface 
reactivity. Referring to Fig. 4, there is shown in 
diagrammatic form the bonding of a more useful silane 
material which bonds to the silica groups present on a 

15 substrate. Only bonding of such silane molecules to the 
surface provides an available group, such as an amine 
group for bonding with a receptor molecule. It is evident 
from this figure that the greatest number of biological 
molecules that can be bonded in this way is equal to the 

2 0 number of silica groups available for interaction with 
silane. In contrast, as shown in Fig. 5, even more useful 
attachment molecules of the present invention are multi- 
valent with respect not only to the silica groups present 
on a substrate (thus, providing a stronger bond) , but are 

25 also multivalent with respect to the groups that can bond 
to the receptor molecules since each R group shown in the 
figure can be multivalent, and can even bond with further 
siloxanes, if so desired. Those of ordinary skill in the 
art can readily determine equivalent siloxanes or other 

30 molecules which can be used as attachment layers to 
increase the amount of receptor molecules that may be 
bonded on any particular silicon-containing or other 
substrate . 

Applicant has discovered that when silicon replaces 
35 silica as the solid support or substrate for subsequent 
attachment, conventional silanization is inadequate in 
this invention. A silane requires the presence of silanol 
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residues in order to attach to the surface. With mono- 
crystalline silicon, the silanol density is insufficient 
to yield the density of functional groups desired for 
immobilization reactions, thus, less than optimal recept- 
5 ive material will be attached to the test surface, see 
Fig. 4. Silica and many glasses possess a high silanol 
content or are easily treated to provide a high silanol 
content. However, silicon also introduces surface 
effects, not observed with silica or glass, which are 
10 toxic or detrimental to biomolecules . Such silanization 
processes also produce hazardous materials which require 
disposal, and in many cases are tedious and difficult to 
monitor and control. While this silanization process 
provides some level of reactivity, it does not provide the 
15 level of sensitivity required for many applications. In 
addition, amine-containing silanes introduce a number of 
unique difficulties. One is that amine- functionalized 
silanes are water soluble and the amine group catalyzes 
the hydrolysis of the silane from a modified surface. 
20 Applicant has discovered that silanes modified with a 
polymer are functionally better in devices of this 
invention, e_^, PEI modified silane or its equivalent 
(Fig. 5) . 

In a preferred embodiment, the attachment layer is 
25 spin coated or aerosol spray coated in a uniform manner. 
The various intermediate materials are coated to the sub- 
strate at thicknesses between 5A and 50oA (thicker amounts 
can be employed) . The layer can be formed of any material 
that performs the following functions and has the follow- 
30 ing characteristics: creates a favorable environment for 
the receptive material, permits the receptive material to 
be bound in active, functional levels (preferably by a 
cost-effective method), adheres tightly to the optical 
substrate, and can be coated uniformly. 
3 5 ideally, for direct eye detection methodologies, the 

surface activation technique should provide a covalent 
modification of the surface for stability while introduc- 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



48 

ing a very dense uniform or conformal film on the surface 
of the substrate. A strongly adsorbed conformal film 
without covalent attachment may be adequate, for example, 
suitable substrates, such as monocrystalline silicon, 
5 macroscopically planar, uniform optical glasses, metalized 
glass and plastic, whether or not coated with an optical 
layer ( i.e. , SiO, Si0 2 , Si x N y/ etc . ) have a deficiency of 
available reactive groups for covalent attachment, but are 
useful in this invention. Once applied, the attachment 

10 layer should provide an environment which, supports the 
adherence of a specific binding layer by covalent or 
adsorptive interactions, that is dense and functional. 
This attachment layer must be of sufficient thickness to 
separate the specific binding layer from any toxic effects 

15 of the initial optical substrate. 

Three examples of types of materials that may be used 
for the production of this test surface are now described. 
Referring to Fig. 5, non-linear branched polymeric silox- 
anes may meet the requirements of covalent attachment to 

2 0 the substrate and will adhere receptive material in a 
reactive and stable film. These polymers typically con- 
tain 2-3 branch points which may introduce a number of 
different functionalities (R) to the surface; including 
aminoalkyl , carboxypropyl , chloropropyl , epoxycyclohexyl - 

2 5 ethyl, mercaptopropyl , phenethyl, phenethylsulf onate , 
vinyl, methyl and methacryloxy-propyl (produced by 
Petrarch Systems) . These polymeric siloxanes are particu- 
larly useful when a layer of silicon nitride is the upper 
surface as even fewer silanols are available for attach- 

30 ment . T-structured polydimethylsiloxanes with functional- 
ity at the branch terminus include carboxy, propyl, and 
vinyl groups (Petrarch Systems) . Typical examples of 
these materials are provided in U.S. Patents 4,208,506, 
3,53 0,159 and 4,3 69,268, all hereby incorporated by 

35 reference herein. 

A second group of materials which demonstrate utility 
in the production of these test surfaces are copolymeric, 
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conformal, surface activator or film forming latexes which 
commonly consist of a styrene/polybutadiene mixtures. 
Although these preparations perform as particles while in 
solution, they do not retain their particulate nature at 
5 a surface or upon drying. These materials are designed to 
strongly adhere to surface micro-structures. TC7 and TC3 
particles distributed by Seradyn and the Surface 
Activators (amide or carboxylic acid) distributed by Bangs 
Laboratories or Rhone-Poulenc are particularly well suited 
10 to this application. Any similar film forming latex or 
styrene /butadiene /other copolymer may be used. 

Another class of compounds which has utility in the 
production of this type of test surface is dendrimers, or 
star polymers, or molecular self -assembling polymers. 
15 These polymers strongly adhere to a surface once dried. 
These materials are generated in a cyclic fashion, each 
cycle producing a new generation of material . Any genera- 
tion of material may be used in this application, however, 
generation 5 (shown diagrammatical ly in Fig. 17) has been 
demonstrated to provide the best reactivity. These 
materials are produced and composed of the materials 
listed in U.S. Patents #4,507,466; #4,588,120; #4,568,737; 
and #4,587,329. Representative of a ternary dendrimer is 
the polyamidoamine shown in Figure 17. In this figure, Y 
represents a divalent amide moiety. Such as 

-CH 2 CH 2 CONHCH 2 CH 2 - and YN is a repeating unit . The terminal 
groups may be amines as shown in Figure 17 but may be any 
active group which will serve as a dendritic branch for 
subsequent generations. Other suitable divalent moieties 
3 0 include alkylene, alkylene oxide, alkyleneamine and the 
like with the terminal being an amine, carboxy, aziri- 
dinyl, oxazolinyl, haloalkyl, oxirane, hydroxy, carboxylic 
esters, or isocyanato group. 

All of these materials are stable to organic solvents 
35 which improve the spreading capacity on a solid support. 
This allows the attachment layer to be generated by a spin 
coating technique which is easy to control and produce in 
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volume. Alternate methods of application include dip 
coating, spray coating, or other aerosoling techniques . 
The use of an organic solvent is acceptable because, 
following the curing process (generally a heat treatment) , 
5 none of the organic solvent remains to contact the recept- 
ive material. The curing process improves the adhesion of 
the attachment layer to the optical test surface and helps 
drive the polymerization and condensation processes. 
Evaluation of each of these materials and the precise 

10 methods of producing these attachment layers are presented 
in Examples 5, 6, and 7, below. 

The siloxanes point to a general class of materials 
that are useful in this application. The siloxanes are 
not water soluble, and do not hydrolyze upon contact with 

15 an aqueous coating solution or sample. Because of the 
branched structure and the polymeric features, rather than 
forming a single isolated island as a silane will (Fig. 

4) , the polymeric structure forms a continuous film (Fig. 

5) on the test surface. The highly cross- linked structure 
20 of a- siloxane increases the total surface coverage. The 

refractive index of the siloxane film can be controlled or 
varied with the functional group incorporated into the 
side chains of the siloxane and thus caused to interact 
with the other layers to produce an appropriate 

25 interference film. 

The siloxanes covalently modify the substrate, but 
this is not an essential feature, as other materials which 
adhere to the surface without any subsequent delamination 
and are stable to mechanical manipulation are useful. 

3 0 Methods of coating polymers to substrates are known to 
those skilled in the art of semiconductor fabrication. 

Although not required, additional materials which 
convey a desired property may be affixed to the attachment 
layer. This layer could improve receptor material orien- 

35 tation, for example, use of Protein A or Protein G for 
orienting antibodies. Other materials which can be used 
include avidin-biotin, synthetic or recombinant Protein 
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A/Protein G fragments or peptides or combined A/G 

peptides, etc , 

The immobilization chemistry for attaching the 
receptive material to the attachment layer is selected 

5 based on the properties of both the attachment layer and 
the receptive material. The receptive material can be 
covalently or passively attached to this material. When 
the attachment layer is specifically adapted for covalent 
attachment, an additional step to activate the attachment 

10 layer may be required. A variety of activation and 
linking procedures can be employed, for example, photo- 
activated biotin can be employed to adhere the receptive 
material. Usually, it is sufficient to passively adsorb 
the receptive material to the attachment layer, thus 

15 avoiding the time and expense of immobilization chemistry 
procedures . 

Rfireptive Material 

The receptive material is defined as one part of a 
specific binding pair and includes, but is not limited to: 
20 antigen/antibody, enzyme/substrate, oligonucleotide/DNA, 
chelator /metal, enzyme /inhibitor, bacteria/receptor, 
virus/receptor, hormone/receptor, DNA/RNA, or RNA/RNA, 
oligonucleotide/RNA, and binding of these species to any 
other species, as well as the interaction of these species 
25 with inorganic species. 

The receptive material that is bound to the attach- 
ment layer is characterized by an ability to specifically 
bind the analyte or analytes of interest. The variety of 
materials that can be used as receptive material are 
3 0 limited only by the types of material which will combine 
selectively (with respect to any chosen sample) with a 
secondary partner. Subclasses of materials which can be 
included in the overall class of receptive materials 
includes toxins, antibodies, antigens, hormone receptors, 
3 5 parasites, cells, haptens, metabolites, allergens, nucleic 
acids, nuclear materials, autoantibodies, blood proteins, 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



52 

cellular debris, enzymes, tissue proteins, enzyme sub- 
strates, co-enzymes, neuron transmitters, viruses, viral 
particles , microorganisms , proteins , polysaccharides , 
chelators, drugs, and any other member of a specific 
5 binding pair. This list only incorporates some of the 
many different materials that can be coated onto the 
attachment layer to produce a thin film assay system. 
Whatever the selected analyte of interest is, the recept- 
ive material is designed to bind specifically with the 

10 analyte of interest. The matrix containing the analyte of 
interest may be a fluid, a solid, a gas, or a bodily fluid 
such as mucous, saliva, urine, fecal material, tissue, 
marrow, cerebral spinal fluid, serum, plasma, whole blood, 
sputum, buffered solutions, extracted solutions, semen, 

15 vaginal secretions, pericardial, gastric, peritoneal, 
pleural, or other washes and the like. The analyte of 
interest may be an antigen, an antibody, an enzyme, a DNA 
fragment, an intact gene, a RNA fragment, a small mole- 
cule, a metal, a toxin, an environmental agent, a nucleic 

20 acid, a cytoplasmic component, pili or flagella component, 
protein, polysaccharide, drug, or any other material, such 
as those listed in Table A. For example, receptive 
material for the bacteria listed in Table A may specific- 
ally bind a surface membrane component - protein or lipid, 

25 a polysaccharide, a nucleic acid, or an enzyme. The ana- 
lyte which is specific to the bacteria may be a polysac- 
charide, an enzyme, a nucleic acid, a membrane component, 
or an antibody produced by the host in response to the 
bacteria. The presence of the analyte may indicate an 

30 infectious disease (bacterial or viral) , cancer or other 
metabolic disorder or condition. The presence of the 
analyte may be an indication of food poisoning or other 
toxic exposure. The analyte may indicate drug abuse or 
may monitor levels of therapeutic agents. 

3 5 One of the most commonly encountered assay protocols 

for which this technology, can be utilized is .an immuno- 
assay. The discussion presented for construction of a 
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receptive material layer below specifically addresses 
immunoassays. However, the general considerations apply 
to nucleic acid probes, enzyme/ substrate, and other 
ligand/receptor assay formats. For immunoassays, an 
antibody may serve as the receptive material or it may be 
the analyte of interest. The receptive material, for 
example an antibody, must form a stable, dense, reactive 
layer on the attachment layer of the test device. If an 
antigen is to be detected and an antibody is the receptive 
material, the antibody must be specific to the antigen of 
interest; and the antibody (receptive material) must bind 
the antigen (analyte) with sufficient avidity that the 
antigen is retained at the test surface. In some cases, 
the analyte may not simply bind the receptive material, 
15 but may cause a detectable modification of the receptive 
material to occur. This interaction could cause an 
increase in mass at the test surface or a decrease in the 
amount of receptive material on the test surface. An 
example of the latter is the interaction of a degradative 
20 enzyme or material with a specific, immobilized substrate, 
see Example 13. The specific mechanism through which 
binding, hybridization, or interaction of the analyte with 
the receptive material occurs is not important to this 
invention, but may impact the reaction conditions used in 
25 the final assay protocol. 

In general, the receptive material may be passively 
adhered to the attachment layer. If required the free 
functional groups introduced onto the test surface by the 
attachment layer may be used for covalent attachment of 
receptive material to the test surface. Chemistries 
available for attachment of receptive materials are well 
known to those skilled in the art. 

A wide range of techniques can be used to adhere the 
receptive material to the attachment layer. Test surfaces 
3 5 may be coated with receptive material by: total immersion 
in a solution for a pre-determined period of time; appli- 
cation of solution in discrete arrays or patterns; 
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spraying, ink jet, or other imprinting methods; or by spin 
coating from an appropriate solvent system. The technique 
selected should minimize the amount of receptive material 
required for coating a large number of test surfaces and 
5 maintain the stability/functionality of receptive material 
during application. The technique must also apply or 
adhere the receptive material to the attachment layer in 
a very uniform and reproducible fashion. 

Composition of the coating solution will depend on 

10 the method of application and type of receptive material 
to be utilized. If a spin coating technique is used a 
surfactant may improve the uniformity of the receptive 
material across the optical substrate or support. In 
general, the coating solution will be a buffered aqueous 

15 solution at a pH, composition, and ionic strength that 
promotes passive adhesion of the receptive material to the 
attachment layer. The exact conditions selected will 
depend on the type of receptive material used for the 
assay under development. Once coating conditions are 

20 established for a particular type of receptive material, 
e.g. , polyclonal antibodies, these conditions are suitable 
for all assays based on such receptive material. However, 
chemically distinct receptive materials, for example 
polyclonal antibodies and nucleic acids, may not coat 

25 equally well to the attachment layer under similar buffer 
and application conditions. 

It has been demonstrated that when the receptive 
material is an antibody suitable adhesion is obtained when 
the attachment layer is a T- structured siloxane. The T- 

3 0 structured siloxanes provide a very uniform hydrophobic 
surface for antibody interaction, see Example 6. 

Surprisingly, the film forming latexes generally 
provide a better attachment for antigens than do the 
siloxanes. Antibody interaction with the immobilized 

35 antigen is improved on a siloxane modified surface, while 
enzymatic reaction with a substrate is improved on a latex 
modified surface relative to a siloxane modified surface. 
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The materials and methods described above allow the 
construction of a specific binding test surface. The test 
surface is composed of an optical substrate or support, an 
optional optical thin film, an attachment layer, and 
5 finally a layer of receptive material. For a visual 
determination of a specific binding event or interaction, 
the composite interference film is actually designed to 
include the optical thin film, the attachment layer and 
the receptive material. The initial interference color 
10 selected must be maintained when the attachment layer and 
receptive material are coated onto the optical thin film, 
see Fig. 3. Once a surface is coated with receptive 
material a small spot of a preparation containing the 
analyte of interest may be applied to the surface. This 
15 is incubated for a few minutes, rinsed, and then dried 
under a stream of nitrogen. This will generate a proce- 
dural control which will be developed whether the sample 
being assayed is positive or negative. This control 
assures the end-user, that the assay protocol was followed 
20 correctly and that all the reagents in the kit are 
performing correctly. The procedural control may be 
applied in any pattern desired. 

Like the procedural control the receptive material 
may be applied in a pattern. Thus, the device will pro- 
25 vide a symbol detectable by eye in response to polychrom- 
atic light when the optical thin film is applied to the 
optical substrate. The coating solution containing 
receptive material may be applied to the surface which is 
covered with a mask. The mask will allow the receptive 
30 material to be immobilized on the attachment layer only in 
the sections which are exposed to the coating solution. 
A surface which is uniformly coated with receptive mater- 
ial may be covered with a mask and the receptive material 
may be selectively inactivated. There are a number of 
35 techniques which are suitable for the inactivation of 
receptive material. One of the simplest techniques for 
biological materials is to expose section of the receptive 
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material to UV irradiation for a sufficient period of time 
to inactive the material. The mask may be designed in any 
pattern which will assist the end-user in interpretation 
of the results . 

5 Techniques such as stamping, ink jet printing, ultra- 

sonic dispensers, and other liquid dispensing equipment 
are suitable for generation of a pattern of the receptive 
material. The receptive material may be applied in the 
pattern by these techniques, incubated for a period of 

10 time, and then rinsed from the surface. Exposed sections 
of attachment material may be coated with an inert 
material similar to the receptive material. 

A particularly useful combination of interference 
colors relies on a yellow/gold interference color for the 

15 test surface background or starting point . Once an 
increase in mass occurs at the surface, mass being a 
direct function of thickness and concentration, the 
reacted zone changes interference color to a purple/blue 
color. As described above, the optical. thin film can be 

20 adjusted and optimized to compensate for the layers re- 
quired in the construction of the biological test surface 
to maintain the desired starting interference color. 

Mass Enhancement 

Thin film detection methods which provide direct 

25 determination of specific binding pairs offer significant 
advantages relative to radioactive or enzymatic means, 
including fluorescent, luminescent, calorimetric, or other 
tag-dependent detection schemes. Thin film systems can be 
applied in the detection of small molecules. Such ana- 

3 0 lytes, however, fail to produce sufficient thickness or 
optical density for direct eye or instrumented detection. 
Applicant has discovered that a means for mass enhancement 
is necessary. Thin film detection systems, however, per- 
form optimally when the integrity of the film is main- 

35 tained. Thus, any method designed for amplification in 
such a system should provide an increase in thickness or 
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mass and maintain the film integrity, as well as meet any 
limitations imposed by the detection systems, and should 
be of the simplest possible construction. 

C. Fredrik Mandenires and K. Mosbach, 170 Anal . 
5 Riochem. 68, 19 88, describe a method of using small silica 
particles coated with concanavalin A or an anti-IgG anti- 
body in an ellipsometric assay. Silica particles provide 
a refractive index which is sufficiently close to the 
biological layers that they increase the apparent thick- 
10 ness of the biological layers in a concentration dependent 
manner. These particles being rigid in nature do not, 
however, maintain the integrity of the films. Thus, light 

scattering occurs . 

The amplification technique may be directly related 
15 to the concentration of the analyte of interest or may be 
inversely proportional to the concentration of the analyte 
of interest as in a competitive or inhibition assay for- 
mat. The binding of a mass enhancement or amplification 
reagent must be a specific function of the analyte binding 
20 to the test surface and may be considered as part of a 
signal generating reagent. 

Referring to Fig. 7, there is shown in diagrammatic 
form two methods by which the presence of an analyte on a 
device of the present invention can be detected by signal 
25 amplification. For example, the signal may be amplified 
by contacting the receptive material with analyte labeled 
with a latex particle or other means which will enhance 
the thickness of the receptor analyte layers when the two 
are bound together. Alternatively, the analyte may be 
30 labeled with an enzyme, through a secondary binding agent, 
such that, while the receptor-analyte-enzyme combination 
may not be detectable, by provision of a substrate for 
that enzyme, a product is deposited on the test device and 
can be detected by eye. Applicant has found that it is 
35 advantageous to ensure that the surface of the device is 
charged so that deposition of the product from the 
substrate is aided. 
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The mass enhancement reagent must be capable of 
passive or covalent attachment to a secondary receptive 
material. An example of passive attachment to a mass 
enhancing reagent is the adsorption of antibodies onto 
5 surface activator particles. An example of the covalent 
attachment of a mass enhancing reagent to the secondary 
receptive material is the conjugation of horseradish 
peroxidase (HRP, or another enzyme) to an antibody. 
Regardless of the mechanism employed, the mass enhancement 

10 reagent should form a stable product or adduct with the 
secondary receptive material. The coupling protocol 
selected should not leave or introduce non-specific bind- 
ing effects at the test surface. The mass enhancement 
reagent may also be capable of direct, specific inter- 

15 action with the analyte. 

Thus, the invention features methods for the amplifi- 
cation of signals in assay systems which rely on a thin 
film detection method. Such methods include, but are not 
limited to, ellipsometry, interference effects, profilo- 

20 metry, scanning tunneling microscopy, atomic force micro- 
scopy, interf erometry, light scattering, total internal 
reflection, or ref lectometric techniques. The materials 
selected for use in these types of systems preferably 
maintain some degree of particulate character in solution, 

25 and upon contact with a surface or support form a stable 
thin film. The film is preferably conformal to the test 
surface to maintain the desired smoothness or texture of 
the substrate. The characteristic texture of the surface 
will be dependent on the detection method employed. The 

3 0 material selected must also be capable of adhering, 
through covalent or passive interaction, a receptive 
material or one member of a specific binding pair. A 
secondary receptive material or binding reagent preferably 
is adhered to the signal amplifying material or particle 

3 5 in a manner which preserves the reactivity and stability 
of that secondary receptive material. The secondary 
receptive material applied to the particle may be identi- 
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cal to, or matched to the receptive material immobilized 
on the test surface. The combination of a secondary 
receptive material or binding reagent and additional 
material, whether a particle, an enzyme, or etc., forms a 
5 mass enhancement or signal generating reagent. 

In general, an optical assay that requires amplifica- 
tion consists of a substrate whose properties and charac- 
teristics are determined by the type of detection method 
used, an optional secondary optical material, an attach- 
10 ment layer, a layer of receptive material, and the mass 
enhancement reagent. A general assay protocol requires 
that the sample suspected of containing the analyte of 
interest be processed through any treatment necessary, 
such as extraction of a cellular antigen, and then be 
15 mixed with the secondary or amplification reagent. An 
aliquot of this mixture is applied to the receptive 
material coated substrate. After an appropriate incuba- 
tion period, the unbound material is separated from the 
reacted film by either a physical rinse/dry protocol or 
20 with a device contained rinse/dry step. The signal is 
then interpreted by eye or instrumentally . The introduc- 
tion of the secondary or amplification reagent can be 
achieved by addition of a reagent to the sample, as a 
lyophilized material in the sample collection or 

2 5 application device, or embedded in an assay device. 

Polymer Solid 

Polymers useful in this invention are conformal (film 
forming) and do not introduce a particulate character to 
the surface. A wide variety of styrene- butadiene copoly- 

3 0 mers have found utility in agglutination assays, immuno- 

assays, and chromatography applications. The latexes 
commonly used are highly cross-linked, rigid copolymers. 
The most common use of latex particles in these applica- 
tions is as the solid support for capture and separation 
35 of the desired analyte. Styrene -butadiene copolymers with 
low cross- linking have been designated surface activators 
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or film forming latex particles. These preparations 
behave as particles in solution but upon contact with a 
surface dry to a conformal film. These film forming 
styrene -butadiene copolymers may contain a wide variety of 
5 functional binding groups. 

Rigid polystyrene particles also have been used for 
signal generation by incorporation of a dye. These par- 
ticles are simply an alternate method for the introduction 
of a tag or label for signal generation. Use of colored 

10 or dyed latexes for agglutination assays and for membrane 
based assays have been extensively utilized (for a review 
see L.B. Bangs , American Clinical Laboratory News, May 
1990) . As in previous cases, the primary requirement for 
these particles is that they maintain their structure for 

15 visualization in agglutination assays and do not distort 
to block the pores of the membrane -based tests. While 
covalent attachment provides specific advantages with 
certain interacting species, passive adsorption of the 
receptive material to the latex is frequently adequate. 

20 The production of suitable amplifying film- forming 

latex particles requires the selection of a film-forming 
particle or surface activator compatible with the secon- 
dary reactive species and of sufficient size to increase 
the apparent thickness or density of the captured analyte. 

25 The secondary reactive species may be immobilized on 

the surface activator particles by incubation at the appro- 
priate temperature for a period of time. The temperature 
selected will be influenced by the chemistry utilized to 
attach the secondary reactive species to the particle, the 

30 nature of the reactive species, and the composition of the 
particle. In addition to the temperature, length of 
incubation, and chemistry of immobilization, the buffer 
composition (pH and ionic strength) , and the amount of 
secondary reactive material must also be optimized to the 

35 particular application. 

The specific examples (14 and 15) given below are 
intended to be illustrative of the type of method (s) used 
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for the production of the film- forming amplification 
reagent. The conditions described are not intended as a 
limitation in the preparation of such amplification 
reagents. The styrene/butadiene/vinyl copolymers are the 
5 preferred film forming latex compositions. However, any 
styrene/butadiene copolymer which maintains the film 
forming property is acceptable. The functional group may 
be of any chemical composition which will support the 
adhesion or interaction of a secondary binding reagent, 
10 where the secondary binding reagent will specifically bind 
with the analyte of interest. The TC7 and TC3 formulation 
distributed by Seradyn and the Surface Activator formula- 
tions distributed by Bangs Laboratories or Rhone-Poulenc 
are preferred (the catalogs of which are hereby incorpor- 
15 ated by reference herein) . More conventional latex 
particles (referred to as S/B/V-CONH 2 , S/B/V-COOH, S/V- 
CONH 2 , S/R-NH 2 , S / HYDRAZ IDE , S/V-COOH, S/B-COOH, S/B-CONH2, 
PS, S/VBC, S/A/V-COOH, PMMA-COOH, S/A-OH, S/R-OH, and S/R- 
SHO) have demonstrated some utility in this invention, but 
tend to produce a more diffuse signal than the film 
forming latexes. 



20 



Catalytic Production o f Solid 

Applicant has found that even more sensitive optical 
thin film assays can be obtained with an enzyme/substrate 
25 pair which produces insoluble precipitated products on the 
thin film surface. The catalytic nature of this amplifi- 
cation technique improves the sensitivity of the method. 
Enzymes which are useful in the present invention include 
glucose oxidase, galactosidase peroxidase, alkaline phos- 

3 0 phatase and the like. However, any process which provides 
a specific component which can be attached to a receptive 
material and can catalyze conversion of a substrate to a 
precipitated film product is suitable to this technology. 
An insoluble reaction product results when immobilized 

3 5 antibody- antigen-ant ibody-HRP complex is present on the 
test surface. The product is precipitated by the action 
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of a precipitating agent such as combination of alginic 
acid, dextran sulfate, methyl vinyl ether/maleic anhydride 
copolymer, or carrageenan and the like, and with the 
product formed by the interaction of TMB (3,3' , 5,5'-tetra- 
5 methyl-benzidine) with an oxygen free radical. This par- 
ticular substrate will form an insoluble product whenever 
a free radical contacts the TMB. Other substances such as 
chloro-naphthol , diaminobenzidene tetrahydrochloride , 
aminoethyl-carbazole, orthophenylenediamine and the like 

10 can also be used. These are used in concentrations from 
about 10 to about 100 mM. It is by these means that a 
measurable increase in mass occurs with the enzyme- 
conjugate layer. The color signal is unaffected by the 
underlying color of any chromophore present in the sub- 

15 strate solution, A variety of enzyme substrate systems or 
catalytic systems may be employed that will increase the 
mass deposited on the surface. 

Examples of such an enzyme-labeled antibody methods 
in thin film assays for the detection of low levels of the 

20 polysaccharide antigens derived from the group of bacteria 
commonly responsible for bacterial infections in man, such 
as Meningitidis and Streptococcus are presented in 
Examples 16, 17, 18. 

Referring to Fig. 6, there is a graphic representa- 

25 tion of a cross-section of the multilayer device having a 
substrate upon whose upper surface, various layers are 
coated. In one example, these layers include a layer of 
silicon nitride immediately adjacent to the upper optical 
substrate layer, an attachment layer such as a polymeric 

3 0 siloxane, and the receptive material, which for a bac- 
terial antigen assay is an antibody. Referring to Fig. 7, 
when the analyte is present, a complex with the enzyme- 
labeled antibody and analyte is simultaneously formed on 
the test surface. It is over this mass that the substrate 

35 is added to cause the product precipitate described to 
form. 
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If desired, the analyte of interest may be combined 
with the mass enhancing reagent and the immobilized 
receptive material either in a simultaneous or sequential 
addition process. Either mechanism results in the forma- 
5 tion of an analyte/mass enhancement reagent complex which 
is immobilized on the test surface. Thus, the mass 
enhancement reagent may be mixed directly with the sample. 
This mixture may then be applied to the reactive test 
surface and incubated for the required period. This is a 
10 simultaneous assay format. 

In some cases additional sensitivity is gained by 
• performing a sequential addition of the sample followed by 
the mass enhancement reagent. Any mechanism or specific 
interaction can be exploited for the generation of a mass 
15 enhancement reagent. For instance, nucleic acids are 
known to tightly bind or intercalate a number of materi- 
als, such as metals, and certain dyes. These materials 
would serve to introduce mass into a specifically 
immobilized nucleic acid. 
20 The increase of the product layer may be determined 

by various means including a visual means or by the use of 
instrumentation, such as ellipsometry and where light 
intensity differentials are caused by the increased 
thickness. The receptive material enzyme complex is thus 
25 capable of direct interaction with the analyte of interest 
and more particularly is evidence of an analyte, such as 
an antigen. This change is detectable by measuring the 
optical thickness and does not necessarily depend on any 
light reflectivity of the substrate material. One such 
30 instrument is the Sagax Ellipsometer , described in U.S. 
Patents 4,332,476, 4,655,595, 4,647,207, and 4,558,012, 
which disclosures are incorporated in full and made a part 
hereof . 

Devices 

35 Several configurations of the above multilayer test 

surface in a device format are possible. The simplest 
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assay format is a single use, single sample device. A 
more complicated device allows for a single sample to be 
screened for the presence of multiple analytes. 
Additional devices allow multiple samples to be screened 
5 for a single analyte or batch testing. 

The single use device provides an easy to use format 
which is adaptable to a wide range of assays, such as 
infectious disease testing, pregnancy or fertility test- 
ing, etc. Protocols for using these single test devices 

10 are very simple. The sealed device is opened exposing the 
reactive test surface. Sample is applied to the test 
surface and incubated for a short period of time, for 
example, 2 minutes. The sample may or may not require 
pre- treatment , such as antigen extraction from bacteria, 

15 etc. Addition of a secondary reagent to the sample prior 
to application to the test surface may also be required. 
Once the incubation period is complete, the unreacted 
sample is removed with a water rinse. The device is 
blotted to dry the test surface. Depending on the test 

20 and the mass enhancement/amplification method used, the 
assay is complete or the assay may require additional 
incubation/wash/dry cycles. The test device and protocol 
are well suited to physician office, clinical laboratory, 
home or field testing environments. A protective shell is 

25 preferably provided around the device, e.g. , composed of 
polystyrene, polypropylene, polyethylene, or the like, 
which is readily formed into a molded or injection molded 
devices. Multi-analyte or multi-sample devices may be 
made of similar materials using similar processes. 

3 0 Single Use Device 

Specific examples of such devices are shown in the 
Figures . 

For example, referring generally to Figs. 8A-8G, a 
single use device may be packaged in any size of molded 
3 5 device, but in this example has a length of 1.74 inches 
and a width of 2.22 inches and a depth of 0.375 inches for 
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15 



the closed device. The device is constructed of a base 
which will hold the test surface and an absorbent pad for 
retaining the wash solution and excess sample. The device 
lid is designed to hold a blotter pad which will remove 
5 excess moisture from the test surface. To secure the 
absorbent pad in the base of the device or the blotter in 
the lid a thin sheet of plastic is attached to each 
portion of the device by a living hinge. The base and the 
lid of the device are joined by a living hinge. However, 
10 any clasp or hinge combination which will allow multiple 
opening/closing cycles is acceptable. Once the absorbent 
pad and blotter are placed in the device these covers are 
closed to secure the materials. These plastic covers 
provide protection to the end-user by preventing exposure 
to the wash solution and excess sample contained within 
the absorbent materials. The lid of the device may be 
designed with or without a clasp but it is preferred that 
a tight seal be obtained. The device should be easily 
disposed of or of a convenient size for storage. All 
components of the device, except the reactive test 
surface, may be sterilized if required. 

The upper blotter pad has several unique require- 
ments. The composite blotter material must be set in the 
lid of the device directly over the test surface. When 
the lid is closed and the rinsed test surface is contacted 
by the blotter pad, the test surface must compress into 
the blotter pad sufficiently to preferentially blot solu- 
tion vertically away from the test surface. The blotter 
pad may be mounted on a small plastic slide such that 
fresh, dry material is presented to the test surface for 
additional wash/dry steps. The initial material in the 
blotter is selected to rapidly wick water vertically from 
the surface, iju., the paper has a high rate of absorp- 
tion, while the subsequent materials have high absorptive 
35 capacity and will remove solution horizontally from the 
test surface. The blotter material next to the surface 
must not shed or scratch the optical test surface. 



20 



25 



30 
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Whatman's Grade IChr paper serves this function very well 
but alternate materials are acceptable. Any highly 
absorbent material may be used as the additional layers in 
the blotter pad. Two additional pads in combination with 
5 the Grade IChr layer have been found to be optimal for a 
two stage drying process. The layers may be free or lami- 
nated together. When a multi-step rinse/dry is required, 
the slide supporting the blotting material has a handle 
for positioning fresh blotter over the test surface. This 

10 handle fits into openings in the protective shield over 
the base of the device to prevent the blotter from moving 
when it is contacting the test surface. 

The reactive test surface is mounted on a pyramidal 
shaped pedestal which extends above the base of the 

15 device. Rinse solution flows over the test surface and 
down the faces of the pedestal where it is trapped in the 
adsorbent pad. The pedestal also positions the test sur- 
face so that it is compressed into the blotting material 
when the lid is closed. The test surface mounted on to 

20 the pedestal may range in size from 0.5 cm 2 to 1.0 cm 2 with 
0.75 cm 2 being preferred. The only limitation on the size 
of the test surface for an eye-visible assay is that some 
unreacted test surface be visible for contrasting to the 
reacted zone. As the interference color change or other 

25 signal produced for a positive response is permanent, the 
test device may be sealed and stored as a permanent 
record. 

Referring to Figs. 8A-8G, a single use device of the 
present invention is shown. Specifically, device 20 is 

30 formed of a readily moldable hard plastic material (with 
a clip 22) to prevent damage to the test surface present 
within the device, and to ensure appropriate alignment of 
components of the device. The lower surface of the device 
is indented at indent 24 such that the test surface is 

35 raised relative to other internal components (as shown in 
Fig. 8F) , in which a test surface 26 is raised on a pyra- 
midal structure 28. A hinge 30 is provided on the edge 
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opposite clip 22 to allow raising and lowering of the 
upper half 32 of the device relative to the lower half 34. 

Referring specifically to Fig. BE, test surface 26 is 
provided in lower half 34 of the device raised on a pyra- 
5 mid 28 as discussed above, such that liquid placed on 
surface 26 may flow from that surface and down pyramid 28 
into an enclosed area beneath plate 3 6 which has an upper 
surface located at the same height as the containing wall 
38. Plate 36 is attached by a hinge 40 to one side 42 of 
10 lower half 34. Within plate 36 are provided two apertures 
42 and 44. 

Upper half 32 of the device is provided with a second 
plate 46 which is also attached by a hinge 48 to upper 
half 32 along one edge 50. Two apertures 47 and 48 are 
15 provided within plate 46. Beneath plate 46 is filter 
paper 52 along with a movable plate having a handle 56 
which can be moved, as shown by arrow 58, from a position 
on the right hand side of aperture 48(1) to a left hand 
position within that aperture (II) . Such movement causes 
20 movement of filter paper 52. 

Referring now specifically to Fig. 8G, plates 36 and 
46 can be removed from their position shown in Fig. 8E by 
rotation about hinges 40 and 44, respectively. Beneath 
plate 36 is a thick filter pad (absorbent) 60 designed to 
25 absorb liquid passing from pyramid 28. An aperture 62 is 
provided within plate 36 to allow plate 36 to fit over 
pyramid 28. Beneath plate 46 is provided filter papers 
52 54 and 64. Filter papers 52, 54 and 64 are caused to 
move from the left to the right relative to hinge 48 by 
30 movement of handle 56 from position I to II in Fig. 8E as 
noted above. Apertures 42 and 44 are provided within 
plate 36 to cooperate with handle 56 when it is in both 
position I and position II so that device 10 can be closed 
during use of the device. Specifically, the exposed level 
35 of filter paper 52 is such that when the device is closed 
the surface of filter paper 52 contacts the surface of 
test device 26, and absorbs liquid on that surface. 
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Movement of handle 56 (and the attached plate 66) causes 
a new portion of filter paper 52 to be available for 
contact with test surface 26 when the device is closed 
again. 

5 This device can be manufactured using standard 

procedures. Specifically, once the plastic molding has 
been formed, filter papers 52, 54 and 64 can be placed 
within the upper portion of the device and plate 4 6 
secured over those papers to hold them within upper 

10 portion 32. Similarly, filter paper 60 can be secured 
within lower portion 34 by securing plate 36. Both plates 
3 6 and 4 6 are provided with a plurality of small extru- 
sions along their edges (not shown) which are adapted to 
mate with a lip portion 68 and 70, respectively, to hold 

15 those plates in place. Also provided is a shelf 72 within 
upper portion 32 to allow plate 46 to rest on the shelf, 
and to allow movement of filter papers 52, 54 and 64 
within the inner space 74. No such shelf is necessary in 
lower portion 34 since the filter material is relatively 

20 thick, and no movement of that filter is required. Test 
surface 26 is readily attached to pyramid 28 by adhesive, 
or other means . 

Use 

Referring to Fig. 10, there is shown a method by 
25 which device 20 may be used in a method of the present 
invention. Specifically, in step 1 a sample is obtained 
and treated in an appropriate manner to prepare for appli- 
cation to the test surface. Such application is performed 
with the device open. In step 2 the sample is allowed to 
30 incubate so that any analyte present in the sample can 
react with the receptor layer. At step 3 the sample is 
washed from the test surface and the excess liquid allowed 
to flow into the filter below the pyramid' holding the test 
device. At this stage the position of the upper filter 
35 material is at I. In step 4 the device is closed and 
latched so that the filter may blot the test surface. In 
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step 5 an appropriate substrate is added, allowed to 
incubate and then again rinsed as above. At this point, 
the upper filter material is moved from position I to II, 
and the device again closed to allow the test surface tc 
5 be dried. At this point, the device is again opened anc 
the result can be read. 



Multi-test Device 

Referring generally to Figs. 9A-9E, and 11, a device 
which will examine a single sample for multiple analytes 
10 incorporates many of the features of the single use 
device. The device's first position exposes a number of 
test surfaces, each uniformly coated with a different 
receptive material. The device has the test protocol 
imprinted on the upper surface to assist the end user. 
15 Any number of test surfaces may be mounted into the 
device, but five independent assays are very easily 
accommodated. Sample is applied to each of the test 
surfaces and incubated. Following the incubation period 
the test surfaces are rinsed with water. The test 
20 surfaces are mounted over a sloping trough which will 
drain the rinse solution and excess sample into an 
adsorbent pad in the bottom of the device . The lid is 
lifted and advanced to a second position. This brings a 
blotter pad into contact with each test surface to dry 
25 them as described in the single use device. The lid is 
lifted and the test surfaces are exposed once again. As 
with the single use device the test may be ready for 
interpretation at this point, or may require additional 
incubation/rinse/dry cycles. The device is easily 
30 extended to accommodate the required number of steps. 
This type of device would be particularly useful for 
screening patients for drugs of abuse, allergy screening, 
meningitis screening, sexually transmitted diseases, TORCH 
panels, and the like. The test protocol is fairly simple 
35 and would be well suited to physician office, clinical or 
reference laboratory testing. Field use would be possible 
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when urine or whole blood is the sample to be screened. 
For this example it was assumed that each reactive test 
surface was presented in the device as a separate 0.75 cm 2 
test piece uniformly coated with receptive material. It 
5 is possible to apply each receptive material in discrete 
lines or spots across the surface of a test piece. The 
test device would then approach the size of a single use 
device . 

It is also possible to design a device with multiple 

10 pedestals which very closely approximates the single use 
device. In this case the living hinged lid would contain 
ports which are positioned precisely above each test sur- 
face mounted on a pedestal. The wash solution and excess 
sample could be collected in an absorbent pad surrounding 

15 each pedestal or could flow through a porous solid 
pedestal support to a reservoir below. 

The optical substrate or support may be cut to any 
size desired, thus, the reactive test piece may be any 
size required. A uniformly coated test surface could be 

20 of sufficient size that a standard microtiter well format 
could be designed. The wells provide a reservoir for 
sample application without cross contamination and exploit 
existing EIA assay automation technologies. The test 
device could be a simple plate, of any size, spotted with 

25 receptive material . at pre-set x,y coordinates such that 
sample application is driven off of these coordinates. 
Cross-contamination between samples could be controlled by 
hydrophobic wells surrounding the reactive zones, other 
types of physical barriers, or by microspot sampling 

3 0 techniques. These types of multi- sample, single analyte 
test devices may be adapted to semi-automated or fully 
automated instrumentation, see Figure 12. For batch 
testing, an instrumented rather than eye interpretation is 
preferred. Batch testing surfaces may be dried using a 

35 blotter design, a heat lamp or other such device, or may 
include a forced air or nitrogen drying method. Sample 
residue and contaminated rinse solution could be drained 
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into a reservoir where it is treated prior to disposal. 
Or the excess sample and rinse solution could be drawn 
into a sealed section of the test device. 

Batch or multi- sample devices may be designed in 
5 qualitative, semi -quantitative, or quantitative testing 
formats. Surfaces for batch testing may be any size. The 
size will be determined by the number of controls and 
samples to be performed in a single assay. Automated 
sample handling devices and sample application devices 
10 will impact test surface size. Automated sample handling 
and batch testing applications include screening blood for 
blood banks, as well as those for clinical and reference 
laboratories. These laboratories may require high volume, 
limited testing menus; high volume, large testing menus; 
15 or low volume, large testing menus. The flexibility in 
test surface design allows all of these requirements to be 
met with a single optical detection method. Additional 
sample handling and test device manipulation may be 
required to increase the volume of samples or the number 
2 0 of tests performed. 

Specifically, referring to Figs. 9A-9E, there is 
provided in diagrammatic representation a multi -test 
device of the present invention. This specific example is 
designed to test for the presence of E. coli, Strepto- 
25 coccus B, Streptococcus pneumoniae, H. influenza and N. 
meningitidis. Generally, this device is constructed with 
a plurality of test devices, namely five test devices, 
100, 102, 104, 106 and 108. The device has an upper slid- 
able cover 110, a lower shelf portion 112 which includes 
3 0 a large thick filter material 114 which is removable from 
section 112 by use of a wire loop 116. Upper cover is 
provided with three series of five apertures 120, 122 and 
124 and with a large rectangular aperture 126. On its 
under surface are provided two absorbent wipes 128 and 130 
3 5 formed of a filter material, and adhesively bonded to the 
lower surface of cover 110. General indicia may also be 
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provided on the surface of cover as shown at 14 6, 14 8 and 
150. 

Also provided are a series of three cylindrical 
extensions extending approximately 4 mm from the inner 
5 surface of cover 110, labeled 132, 134, 136, 138, 140 and 
142. The cylindrical extensions are adapted to mate with 
spaces 152 provided in the lower portion of portion 112 
such that each row of apertures in the upper cover can be 
specifically positioned over the test devices or other 

10 indicia in lower portion 112, as desired. This movement 
is shown generally in Fig. 9B by arrows 154 and 156. 

Lower portion 112 is further provided with an aper- 
ture 158 located to allow excess liquid on test surfaces 
100, 102, 104, 106 and 108 to drain within portion 112 and 

15 to be absorbed by filter 114. Lower portion 112 is 
further provided with a series of instructions shown as 
160 which are revealed in turn as cover 110 is moved in a 
stepwise fashion as dictated by the mating of cylindrical 
extensions 132, 134, 136, 138, 140 and 142 relative to 

20 spaces 152 along slidable portion 164 so that the user of 
the device has an indication of what step is needed to 
perform an assay of the invention. The upper and lower 
portions are constructed such that the filter paper 128, 
13 0 is caused to contact the surface of each test device 

25 at an appropriate time in the assay procedure. 

Referring to Fig. 11, there is shown in diagrammatic 
form a method of using the multi-assay device shown in 
Fig. 9 (although the extension of the upper portion versus 
the lower portion is not shown specifically) . At step 1, 

30 a sample is collected and appropriate reagents mixed with 
it. The sample is then applied to each test device and 
that device is moved one notch ( i.e. , one cylindrical 
extension is moved along arrow 156 to the next available 
space 152) so that the test surface is available for such 

35 application. In step 2 the surface is again moved such 
that first filter material 130 is in contact with the test 
surfaces. Prior to this step, the test surfaces are 
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washed and that wash solution allowed to drain through 
aperture 158 to filter 114. After blotting, the device is 
again moved one notch to allow access to the test surfaces 
and substrate is applied. Once more, after appropriate 
5 incubation time, these surfaces are washed, with the wash 
solution draining to filter 114. The upper surface is 
then moved one more notch so that filter 12 8 contacts the 
test surfaces. One more movement of the two surfaces 
relative to one another allows reading of the results. At 
10 each step in the process, aperture 126 indicates the step 
that must be taken by the user, and thus prevents 
incorrect use of the device . 

Fig. 12 is a diagrammatic representation of a three 
batch sampling concepts useful in this invention. The 
15 first device (upper part of Fig. 12) includes an optically 
active, analyte reactive test surface #1 prepared as 
previously described. The test surface #1 is fused or 
glued to a plastic device #2 which will create individual 
sample wells #3. The final device will be configured and 
20 handled in precisely the same fashion as a 96 well micro- 
titer plate. This configuration of the test surface #1 
could be easily adapted to any commercially available 
microtiter based, handling system. 

The second configuration for batch testing is a 
25 device very similar to the single use device and would be 
particularly useful in quick panel screening assays (see 
middle of Fig. 12) . The device in configured to include 
a lid #1 which is hingedly attached by a hinge #7 to a 
bottom container #5. Bottom container #5 holds an 
3 0 absorbent #6 material to contain the excess sample and 
wash solution. Lid #1 contains a blotter #2 which is used 
to dry test surface #4 in the assay protocol. The test 
surfaces are mounted on a pedestal #3 to facilitate the 
washing process. Protective coverings #8 and #9 hold 
35 blotter #2 and absorbent #6 in place within the device. 

The third concept is an optically active, analyte 
reactive test surface #1 which contains reactive areas 
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represented by #2 (see bottom of Fig. 12) . The reactive 
area #2 may be created by spot coating, by selective 
inactivation of the receptive layer, or physical barriers 
between reactive areas. The samples are applied to the 
5 reactive areas (#2) and then the rinse solution and excess 
sample flows out through the drainage port #3 . 

In another configuration, the test surfaces can be 
made as a series of longitudinal strips with filter 
material on either or both longitudinal edges, and 
10 arranged to fit within a 96 -well configuration. 

Instrumentation 

After the sample is contacted with the surface of a 
test device, an instrument can be used to detect analyte 
binding. One such instrument is the Sagax Ellipsometer 

15 (see, U.S. Patents 4,332,476, 4,655,595, 4,647,207 and 
4,558,012, which disclosures are incorporated in full 
herein and made a part hereof) . Alternate instruments 
suited to this technology include traditional null ellip- 
someters, thin film analyzers (see Fig. 14) , prof ilo- 

20 meters, polarimeter, etc. If the interference film is 
included in the test surface construction, then a simple 
ref lectometer (see Fig. 14) is adequate for quantitation. 

Referring to Fig. 13, there is shown a prior art 
method for detecting interaction of a light with a test 

25 surface. In the prior art, two polarizers were provided 
to allow such detection. Specifically, #1 corresponds to 
the white light source used in this prior art instrument. 
A standard halogen lamp is used to generate the polychrom- 
atic light. The light is incident on the polarizer at 

30 position #2, and is then linearly polarized. The linearly 
polarized light then impinges on the reference surface #3 
which is at 70° with respect to the test surface #4. The 
linearly polarized light is reflected from the reference 
surface (#3) as elliptically polarized light. The light 

35 then impinges the test surface (#4) and is reflected to 
the second polarizer at position #5. The interaction of 
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10 



the light with test surface (#4) inverts the s- and p- 
components of the elliptically polarized light. The 
polarizers at position #2 and #5 are matched and #5 is 
rotated 90° relative to #2. Light which is reflected from 
the test surface #4 which matches that reflected from the 
reference surface #3, will pass through polarizer #5 and 
be completely extinguished at the detector (#6) . If there 
are any differences in the surface properties of surfaces 
#4 and #3, then some residual ellipticity will cause an 
increase in intensity to be measured at the detector #6. 

Such an instrument which is useful for analysis of 
thin films and changes in film characteristics is the 
Comparison Ellipsometer described in U.S. Patents 
4,332,476, 4,655,595 and 4,647,207. The optical pathway 
15 of such instruments is shown in Fig. 13, as discussed 
above. This instrument can use a reference surface with 
a wedge of thicknesses across the surface. If thickness 
values are scribed onto the wedge, the thickness of a test 
surface may be determined relative to the wedge. The test 
20 surface thickness equals the wedge thickness at the point 
where light is extinguished at the detector. 

The instrument operates on the basis of comparing the 
degree of elliptical polarization, caused by the reflec- 
tion of plane polarized polychromatic light, between two 
25 surfaces. Incident polychromatic light is collimated and 
plane polarized. The polarized light is reflected at an 
oblique angle from the reference surface, which is a 
reflective substrate with similar or identical optical 
characteristics to that of the test piece. The reflected 
3 0 light is then elliptically polarized as a result of 
reflection. The elliptically polarized light then 
reflects from the test surface. The test surface and 
reference surface are arranged perpendicular to one 
another such that after reflection from the test surface, 
3 5 the light is once again plane polarized where the test and 
reference surfaces are optically identical. If their 
thickness and/or refractive indices are not identical, the 
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light retains some elliptical character. The ellipticity 
is a function of the refractive index and the thickness 
differences. A second polarizer is then used to filter 
the light, and removes the plane polarized light corre- 
5 sponding to identical films. An increase in ellipticity 
will result in greater light transmission through the 
second polarizer. Thus, a change in thickness or refract- 
ive index is transformed into a change in light intensity 
which may then be measured using conventional techniques. 

10 By employing the Comparison Ellipsometer in this fashion, 
resolution to +/- 5A may be achieved. Unlike conventional 
ellipsometry , the Comparison Ellipsometer is designed to 
allow broad field measurements. This feature allows 
simultaneous measurement of the entire reaction zone. 

15 Therefore, measurement errors do not arise because of non- 
homogeneous binding or reaction patterns. 

For the applications of this invention, a more useful 
reference surface is one which is uniform. When a test 
surface to be analyzed has all the components for colored 

20 signal generation for visual interpretation, the reference 
surface must also contain the optical thin film coating. 
This additional coating is not required for the instru- 
mented analysis. To maximize the signal produced by a 
change in thickness or mass on the test surface, the 

25 reference standard should be approximately 50 to 100A 
thinner than the test surface, substrate, attachment 
layer, and receptive material. If these two surfaces are 
too closely matched, then a small change in thickness or 
mass will result in only a small increase in intensity 

3 0 relative to the original background intensity. The change 
in intensity for small thickness changes is dramatically 
increased when the background intensity is above a certain 
minimum or is sufficiently bright. With this reference 
surface all changes in thickness or mass cause a dramatic 

35 change in intensity of light measured by the detector 
relative to the test surface's initial reading. The 
change in intensity may reflect an increase in thickness 
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or a decrease depending on the application, see Examples 
8, 12, 13, 16, and 17. The instrumented reading protocols 
are given in Example 21. 

For the analysis of specific binding reactions on a 
5 test surface, a number of modifications greatly improve 
the performance of the Comparison Ellipsometer . The orig- 
inal design relied on the observer's eye for inspection of 
the surface . 

Referring to Fig. 14, there are shown two devices in 
10 which no polarizers are provided, and in which a thin film 
can be analyzed either with a single photodiode, an array, 
or a CCD detector array, or with a ref lectometer a 
photomultiplier detector. 

The detector may be mounted where the eyepiece is 
15 located in the original instrument. It may also be 
mounted at 90° to the side of the light path by incorpor- 
ation of a partially silvered mirror or beamsplitter set 
at 45° to reflect a portion of light to a detector, and 
the rest to the eyepiece for visual alignment of samples. 
20 If the mirror is inserted into the optical path, the spot 
intensity reaching the detector will be only a fraction of 
the light available. If the detector is directly in the 
optical pathway without a mirror, 100% of the sample 
intensity reaches the detector. When a beamsplitter and 
25 eyepiece are included in the apparatus, if care is not 
taken, stray light can be introduced which degrades the 
optical signal incident on the detector. 

A photodiode array may be programmed to dedicate 
individual photodiodes to measure the intensity of reac- 
3 0 tion zones or spots, while other photodiode arrays measure 
the background, or control zones. Simultaneous measure- 
ment of the spot intensity and the background intensity 
allows each reading to be accurately corrected for test 
surface background. 
35 Either a linear array or a matrix array may be used. 

A linear array may only measure along one, pre- set axis of 
the sample spot depending on the size and resolution 
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available in the arrays. The matrix array could measure 
the entire reacted spot plus background. 

The instrument may also be modified to include a 
variable magnification function or a zoom to allow differ- 
5 ent spots to fill the photodiode without capturing any 
background signal . 

Specif ically, two such instruments are represented 
diagrammatically in Figures 14a and 14b. The thin film 
analyzer (Fig. 14a) uses a monochromatic light source #1. 

10 If the light is not sufficiently linearly polarized, then 
a polarizer at position #2 is used to polarize the light. 
Polarizer #2 must be positioned to allow the maximum 
intensity of light to pass through to the test surface #3. 
By off-setting the initial polarizer a component of light 

15 polarized perpendicular to the plane of incidence, in 
addition to the light polarized parallel to that plane, is 
allowed to interact with the surface. Light impinges the 
test surface #3 at an angle which is sufficiently removed 
from Brewster ' s angle , between 50 and 75 degrees off the 

20 normal . The polarizer/detector is set at the same angle 
from the normal as the incident light source relative to 
the test surface. The polarizer is set from 2° to 15° 
above the setting which aligns the polarizers for total 
extinction of light. Incident angles of 30° to 40° off 

25 the normal provide adequate resolution of very dilute 
samples, but may not provide sufficient range for all 
applications. The second polarizer, or analyzer polar- 
izer, cannot adequately minimize the background signal 
when the light is incident on the surface at angles 

30 greater than 65°. However, the dynamic range is suffi- 
cient to allow for electronic reduction in the background 
signal. The light is reflected from the test surface #3 
through the polarizer/analyzer combination at position #4 
prior to being measured at the detector #5. The detector 

3 5 may be a single photodiode or a photodiode array. A blank 
test surface is placed in the sample position and used to 
align the second polarizer. The second polarizer should 
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be positioned at an angle with respect to the first polar- 
izer such that it is a few degrees off the minimum (maxi- 
mum extinction of light through to the detector) . Thus, 
the background of the test surface produces a low detect - 
5 able signal, but the change in light intensity is now a 
function of the change in thickness. See Example 26. 

The reflectometer (Fig. 14b) is a very simple 
instrument which allows measurement of a color change or 
a change in intensity. At position #1 a standard halogen 
10 light source is used. This will provide polychromatic 
light. The light source #1 is positioned relative to the 
test surface #2 such that the maximum intensity of the 
incident light impinges the test surface #2. The detector 
#3 may be a photomultiplier and the like. The angle with 
15 which the light impinges the test surface #2 determines 
the angle at which the detector #3 is placed relative to 
that surface #2. 

Referring to Fig. 15, in one specific example, a 
semi-reflective mirror was introduced between the zoom and 
20 the ocular at 45°. Within the ocular, suitably positioned 
in the middle of the field and in focus was set a reticle 
of an ellipse. The reticle was selected to match an aver- 
• age sample spot size. On the optical path center line, 
reflected 90° from the principal axis, was set a mask 
25 which matches the size of the reticle. The distance from 
the center of the mirror to the reticle is the same as 
from the center of the mirror to the mask. The mirror was 
mounted by adjusting screws so that the image seen within 
the reticle would be identical to the image appearing 
30 within the mask. Behind the mask, a distance of a few 
millimeters, was mounted a photosensitive cell arranged to 
only read the light which passes through the mask and 
therefore from the selected image. The semi-reflective 
mirror is of a thickness such that a secondary image 
3 5 appears from the second surface. This is eliminated by 
using a suitably coated thin mylar membrane as the 
beamsplitter . 
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A constant light source, white light or monochrom- 
atic, is provided by using a power supply that has feed- 
back capabilities, A photoresistor is mounted inside the 
original instrument 1 s lamp house/heat sink which monitors 
5 the light output of the lamp. If the light output changes 
a corresponding resistance change occurs, thereby affect- 
ing the current /voltage sent to the lamp. 

The power supply is set to deliver +15 V DC to the lamp 
while the photoresistor is disconnected. When the photo- 

10 resistor is connected, it maintains the light output at 
the level that is produced with a +15V source. A constant 
light source is required if the instrument is to be used 
for quantitation. The instrument may also be modified 
with a BNC port that will enable the output of the photo- 

15 diode detector amplifier to output to an A/D converter 
board in a computer or other dedicated device. The dedi- 
cated device or computer reads the input signal, 
designates/names and stores the input, manipulates the 
named input, i.e. , conducts statistical analyses, etc., 

20 and prints the input data and any other desired 
calculations derived from the input. 

Specifically, Fig. 15 is a diagrammatic representa- 
tion of a modification of the prior art instrument shown 
in Fig. 13. A constant power source is used at position 

25 #1. The power source supplies both the white light source 
#2 and the detector #12. The white light source is a 
standard halogen lamp and provides polychromatic light. 
As previously described the light passes through a polar- 
izer at position #3 and is linearly polarized. Polarizer 

3 0 #6 is matched and crossed relative to the polarizer at 
position #3 . The reference surface #4 and the test sur- 
face #5 are as previously discussed. In this instrument, 
when light passes through polarizer #6 it then impinges a 
beam splitter at position #7. This beam splitter splits 

35 the light such that a portion is received at the detector 
#12 and a portion is received at a CCD camera at position 
#11. CCD #11 allows the user to locate and position the 
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test surface #5 in the center of the instrument's field of 
view. The light which is split to the detector impinges 
a mask at position #9. The mask is matched to the reticle 
at position #10 such that when the sample spot on the test 
5 surface #5 is precisely centered in the reticle #10, the 
light which passes through the mask #9 to the detector #12 
is reflected only from the sample spot. A zoom at posi- 
tion #8 assists in the positioning of the sample spot 
relative to the reticle. 
10 The optical path used for the comparison instruments 

described above are larger than desired for a number of 
applications. It is possible to reduce the optical path 
with the following modifications. Because light emitted 
from a laser source (gas laser or laserdiode) , is already 
15 collimated and polarized, the collimating lens system can 
be simplified or eliminated. A linear polarizer is placed 
very close to the light source. This polarizer may not be 
necessary because the laser is often polarized. The 
reference surface is placed at 60° -70° -relative to the 
2 0 sample surface. The planes of incidences of the reference 
and sample surfaces are orthogonal to each other. The 
analyzer polarizer is oriented so that maximum extinction 
occurs for two identical surfaces placed at the reference 
and sample positions. It is important that both polar- 
25 izers are placed with their faces perpendicular to the 
light beam. Any suitably small detector and electronics 
may be used for signal collection, handling, and storage. 
For high accuracy, polarizers should supply greater than 
10 s extinction, see Figure 16. Polarizers are built into 
30 the face of the light source and detector and are not 
labeled on the figure. 

• The thin analyzer eliminates the reference surface 
requirements of the previous instrument and is easier to 
reduce in size. The comparison based instruments require 
35 that a specific reference surface be designed for each 
type of test surface to be used. This limits the range of 
optical substrates and optical thin films which are com- 
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patible with a given instrument, unless means for changing 
the reference surface is provided. This new instrument 
easily accommodates any combination of thin film and opti- 
cal substrate using a simple adjustment of the' analyzer. 
5 The instrument may provide better thickness resolution. 
This instrument and the modified Comparison Ellipsometer 
may be powered with a 9V battery or other rechargeable 
power supply. This prototype supplies an increase in 
numerical aperture, image brightness and focus. This 

10 allows a much higher level of magnification to be used 
which is important for work with smaller spot sizes. 
Samples may also be applied much closer to one another 
than is possible with the Comparison Ellipsometer. 

Specifically, Fig. 16 is a diagrammatic representa- 

15 tion of an improvement in the prior art instrument of Fig. 
13. In this case a monochromatic light source #1 is used. 
A compact laser is used. A polarizer is positioned imme- 
diately adjacent the light source at position #1. The 
lens system used in the prior art instrument to supply 

20 visual inspection of the test surface #4 in Fig. 13 is 
eliminated which allows a decrease in the total optical 
pathway to be achieved. The test surface rests and is 
positioned with the sample platform at position #2. Light 
impinges the reference surface #3 and is elliptically 

25 polarized as discussed for the prior art instrument of 
Fig. 13. The light reflects from the reference surface #3 
to the test surface positioned on the sample platform #2. 
A small electronics control unit (#4) is incorporated to 
supply a constant power source and to control the detector 

30 #5. A single photolode is used as the detector #5. The 
dial at position #6 is used to move the sample platform #2 
and controls the position of the test surface. The sample 
platform #2 has pre-determined stops which will align a 
sample spot with the detector #5. The sample spot is 

3 5 positioned and the detector #5 masked such that only 
signal from the sample spot is measured by the detector. 
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A second polarizer Is placed immediately in front of the 
detector #5. 



Fluorescent Methods 

A further instrumented embodiment that these optic- 
5 ally active substrates, or solid supports, can address is 
a reflective fluorescence method. The fluorescence may be 
generated in an immunoassay, an enzyme assay, a nucleic 
acid assay in a homogeneous, heterogeneous, competitive, 
or direct format. Signal generation is not dependent on 
10 the film thickness in this method, however, the method 
does double the pathlength of the exciting incident light 
as well as improves the collection efficiency at the 
detector. The optically active substrate, or solid sup- 
port, may be any polished reflective material, such as a 

15 silicon wafer. 

In standard fluorescence spectroscopy, the exciting 
light passes once through the sample, see Figure 17. When 
a reflective substrate is used excitation of the fluores- 
cent-species occurs at the point of incidence and at the 
20 reflection point. Generally, emission (fluorescence) is 
detected 90 degrees off the axis of excitation, even 
though fluorescent radiation is emitted in all directions, 
primarily to simplify the detector design. For example, 
with a point detector, excitation energy should not be 
25 allowed to strike the detector. Gratings are frequently 
used with the excitation source, and the maximum fluor- 
escence may not be shifted far enough to be distinguished 
from the excitation wavelength. This is required to 
reduce the effects from the high intensity excitation 
3 0 source and scattering from the solution and the cell 
walls. With a reflective substrate, the detector and the 
incident light are at equal angles from the normal. 

Attempts have been made to increase fluorescent assay 
sensitivity by increasing the number of passes of the 
35 exciting light through the sample. This approach requires 
more complicated optics for focussing, a high output light 
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. source, and large collection optics. This method also 
tends to increase the background fluorescence from the 
cell and interfering or inherent biomolecules . An 
increase in sensitivity may also be achieved by increasing 
5 the sample volume and/or the optical pathlength. The 
method of the current invention provides an increase in 
sensitivity without the complications observed with these 
methods . 

British patent GB 2 065 298 A describes a fluorescent 

10 assay which uses a reflective metal substrate generated by 
an evaporation process. The capture layer uses a specif- 
ically reactive biological particle for the binding of 
analyte and then a third biological species which is bound 
to the fluorescent label. The metal substrate is posi- 

15 tioned to redirect the exciting particle toward a trap 
(multiple reflections) and away from the detector. 

This patent positions the photon counting system a 
distance from the substrate to allow the exciting parti- 
cles to be reflected by the metal surface toward a dark 

20 enclosure. The enclosure will absorb all the photons that 
hit it which reduces the noise at the detector, while more 
induced signal from the substrate will travel to the 
photon counting system due to the reflection. The analyte 
is reacted in a humid incubation. 

25 For this approach, there must be nothing in the path 

of the exciting photon which starts from the light source 
and ends at the wall of the dark enclosure except the 
highly reflective metal surface and the biological 
particles. With the incident angle being equal to the 

3 0 reflecting angle and the signal detecting system being 
perpendicular to and at some distance away from the 
substrate, the exciting particle will not be scattered 
toward the detecting system. 

The current invention relies on an attachment layer 

35 between the reflective substrate and the receptive, bio- 
logical layer. This polymeric layer between the substrate 
and the biological layer does not impact the generation of 
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the fluorescent signal. The attachment layer may be 
selected from any of the following chemicals: dendrimers, 
star polymers, molecular self -assembling polymers, poly- 
meric siloxanes, and film forming latexes. The method for 
5 production of these surfaces is described in Example 5. 
The reflective substrate or support (optically active 
surface) may be selected from monocrystalline silicon, 
glass/amorphous silicon composite, a metal, a ceramic, 
polycrystalline silicon, a plastic/amorphous silicon 
10 composite, and composites of these materials. Methods for 
the production of these materials is described above. 
This method doubles the excitation pathlength without 
doubling the volume of sample. In addition, coating the 
reflective substrate with a material anti -reflective to 
15 the exciting light eliminates the noise frequently 
associated with fluorescent methods but still allows 
excitation because extinction occurs at the air/film 
interface only. Suitable materials include silicon 
nitride, silicon/silicon dioxide composites, silicon 
20 oxynitride, titanium dioxide, titanates, diamond, oxides 
of zirconium, and silicon carbide. The material and the 
thickness of the material are selected to suppress light 
of the exciting wavelength. The exciting wavelength 
selected is dependent on the specific dye (f luorophore) or 
25 label used. These materials are produced as described 
above. Steeper angles of incident excitation help reduce 
the amount of exciting light which reaches the detector. 

Any number of fluorescent molecules could be utilized 
in this embodiment. Fluorescent molecules such as xan- 
3 0 thene dyes which includes fluoresceins, rhodamines, and 
rosamines are suited to this application. In addition the 
amino and carboxylic acid or isothiocyanate substitutes of 
these dyes are also suitable. Napthylamines such as 1- 
dimethylaminonapthyl - 5 - sulfonate, 1 - anilino - 8 - 
35 napthalene sulfonate, and 2 - p - toluidinyl- 6 - nap- 
thelene sulfonate are also useful. Conjugation protocols 
for these compounds to biological molecules are well known 
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to those skilled in the art. The label may be attached to 
a secondary antibody, to an enzyme substrate, to a nucleic 
acid probe, or any suitably selective and specific 
receptive material for the analyte of interest. 
5 In the current invention, the optically active or 

reflective support, with or without the optical coating or 
AR film, would be coated with a suitable polymer. The 
polymer layer would then be coated with a receptive 
material specific to the analyte of interest, i.e. , an 

10 antibody. The biologically reactive, reflective substrate 
would be contacted with a sample suspected of containing 
the analyte of interest and incubated for a period of time 
sufficient to bind the analyte to the surface. The 
analyte may be mixed with the secondary receptive material 

15 labeled with the fluorescent material simultaneous with 
contact to the surface or sequentially. In either case, 
the label is then immobilized to the surface through the 
analyte bridge. The immobilized label is exposed to the 
exciting light source and the detector will measure the 

2 0 level of fluorescence. The amount of fluorescence may be 

measured directly, inversely, or indirectly related to the 
concentration of the analyte of interest. Similar schemes 
for detection of enzyme activity or nucleic acids maybe 
readily derised by those skilled in the art. The light 
25 source and the detector can be selected from any combina- 
tion of standard fluorescent optical components. 

Analytes 

Streptococcus 

Group B Streptococcus (GBS) , Streptococcus 
30 agalactiae, is the leading cause of neonatal and maternal 
morbidity and mortality. Neonatal infections include 
sepsis and meningitis, while post-partum the organism 
causes endometritis, chorioamnionitis , and sepsis. For 
the neonate, the early-onset disease occurs between birth 

3 5 and the following week. The disease is characterized by 
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respiratory distress, sepsis, and shock. There are 
between 1.9 to 3.7 cases per 1,000 live births in the U.S. 
alone, with a mortality rate of 26% to 50%, and 3 0% of the 
infected infants developing meningitis. Of the latter 
5 group, 50% will suffer permanent neurological damage. 
Infection with GBS accounts for approximately 2,000 
neonatal deaths per year and is estimated to cost the U.S. 
alone over $500 million per year in health care. Direct 
correlation of maternal cervical/vaginal carriage of GBS 

10 and infant infection has been demonstrated. 

GBS also causes a late onset disease that occurs 
within the first 3 months following birth. The illnesses 
in these cases are characterized by central nervous system 
disorders, meningitis, and bacteremia. There is an 

15 approximately 20% mortality rate for infants with these 
diseases . 

Maternal colonization is primarily cervical/vaginal 
and anorectal. Between 5% and 30% of pregnant women will 
be colonized with GBS. Maternal colonization may account 
20 for preterm delivery, prolonged labor, premature membrane 
rupture, intrapartum fever, low birth weights, as well as 
the early-onset diseases. Treatment of the mother, pre- 
delivery, greatly improves the neonatal outcome and can 
eliminate the vertical transmission of GBS. However, 

25 diagnosis of maternal GBS colonization and subsequent 
treatment may not eliminate vertical transmission if the 
diagnosis/therapeutic program is to early in the pregnancy 
due to frequent recolonization of the mother. Early 
diagnosis does identify neonates that may be at risk for 

30 GBS infection. But there is a documented need for the 
rapid, sensitive and accurate diagnosis of GBS at the time 
of delivery. If such a diagnostic tool were available, 
prophylactic treatment of the mother could begin at the 
onset of delivery and for the infant at birth. This has 

35 been demonstrated to singif icantly reduce the risk to the 
neonate . 
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GBS consists of 5 serotypes. These are designated 
la, lb, Ic, II, and III. All 5 serotypes have been impli- 
cated in clinical infections. All 5 serotypes contain a 
group specific polysaccharide which is unique, in addi- 
5 tion # they also contain antigens which uniquely identify 
the serotype. As the group specific polysaccharide 
identifies all the serotypes, this antigen has been the 
focus of immunological methods for the identification of 
GBS. The "gold standard" for GBS diagnosis remains 

10 culture identification. This process can require between 
24 and 72 hours for accurate identification of GBS. 
High risk pregnancies frequently complete delivery long 
before the culture results are available. 

There are a number of different immunological tests 

15 commercially available for the detection of GBS. Clinical 
evaluations of these methods demonstrate clinical sensi- 
tivities that range from 12% to 92.3%, with an average 
clinical sensitivity of 50% to 60%. Analytical sensi- 
tivities reported range from 7.6 x 10 5 to 2 . 1 x 10 7 cells. 

2 0 While these methods provide a rapid diagnosis, they do 

not have the required sensitivity to address the clinical 
need for timely identification of GBS. 

For example, WO 9219969 , describes an assay for GBS 
where the solid support is coated with a monoclonal anti- 
25 body which specifically interacts with one epitope of the 
group B specific polysaccharide, the trirhamanose epitope. 
A polyclonal antibody specific to a mono-rhamnose epitope 
is conjugated to a signal generating label. The analyti- 
cal sensitivity of the method is set at 3 x 10 4 cells. 

3 0 Sensitivity is only obtained through the stringent select- 

ivity of the capture agent. The method concentrates only 
on the dominant epitopes of GBS. The "antigen capture 
agent has an affinity for specifically binding to tri- 
rhamnose epitope of GBS polysaccharide antigen" and this 
35 antigen capture agent is further characterized as " being 
able to interact with the trirhamnose epitope in an 
exclusive or at least dominant fashion such that any 
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interaction between this capture agent and other compo- 
nents of group B streptococcus polysaccharide antigen is 
at the very least low or negligible (i.e., the interaction 
with the trirhamnose epitope is specific enough for the 
5 purposes of detection and/or diagnosis of GBS polysac- 
charide antigen or GBS infection) » . The assay requires 
that the swab be placed in a receptacle coated with the 
antigen capture agent. The receptacle has a very high 
area/volume ratio. Antigen is extracted from the swab 
10 using an acid extraction protocol requiring 5 to 20 
minutes. Buffer containing Tris and Tween is then added 
and the swab removed. An antigen marker agent is added 
and the mixture incubated for an additional 10 to 15 
minutes. The receptacle is then thoroughly washed, and a 
15 substrate added for 10 to 20 minutes. The reaction is 
then stopped and the result read by spectrophotometry. 

The method for detection of GBS described in the 
current invention achieves the sensitivity required in 
under 3 0 minutes. The test result is easy to interpret 
20 and is suited to bedside or delivery room use. The 
optical test surface of this invention provides improved 
sensitivity due to the unique attachment layer and works 
well with any group specific polyclonal or monoclonal 
antibody. The antibodies do not need to exhibit different 
25 epitope specificity to achieve the clinical sensitivity 
needed. Antibody preparations which are a combination of 
varying specificities and affinities for the GBS antigen 
work well on both sides of a sandwich format. However, 
antibodies with differing epitope specificities are useful 
3 0 in the current invention. 



Chalmvdia 

Chlamydia, trachomatis is an obligate intracellular 
organism which must be cultured in living cells, i.e. , 
tissue culture. Chlamydia has 15 serovars and primarily 
35 causes human ocular and genital diseases such as trachoma, 
conjunctivitis, lymphogranuloma, venereum, non- gonococcal 
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urethritis, and proctitis. There are approximately 3-4 
million cases of Chlamydia in the U.S. annually. Only 
very specialized laboratories can successfully culture 
Chlamydia but the yields are low and contamination prob- 
5 lems are high. Storage conditions effect the viability of 
the organism for culture. The recommended culture 
protocol involves inoculating cycloheximide treated McCoy 
cells, a blind passage, and fluorescent staining of the 
inclusion bodies. Vortexing and sonication of the sample 

10 prior to inoculation increases the positive culture yield. 
Sampling should include cells and mucus surrounding the 
sampling site. 

In addition to culture techniques a number of direct 
immunofluorescence and EL ISA methods have been developed. 

15 These techniques provide inadequate sensitivity to detect 
patients with low levels of Chlamydia infection or for 
individuals that are asymptomatic. An overall sensitivity 
of 44% relative to culture has been reported for samples 
containing less than 100 IFU, inclusion forming units. 

20 Available methods demonstrate a sensitivity of 82% for 
samples with greater than 100 IFU. 

Many gram negative bacteria also produce organism 
specific lipopolysaccharides (LPS) similar to the one 
produced by Chlamydia. Detection and identification of 

25 the organism may be made based on the immunological reac- 
tions of this antigen. Organism specific polysaccharides 
may also be useful. Gram negative bacteria include but 
are not limited to Chlamydia psittaci, E. coll, Pseudo- 
monas fluorescence, Azotobacter vinelandii, Aerobacter 

30 aerogenes, Neisseria gonorrhoea, Treponema pallidus, 
Micrococcus pyogenes, Shigella, Hydrogenomonas species, 
Salmonella, Hemophilus influenza, Campylobacter, 
Heliobacter, and Legionella. 

U.S. Patent 4,497,899 describes an assay based on the 

3 5 non-specific adsorption of antigen to a bare solid support 
such as silica, silicone, glass, metals, or plastic beads. 
There is no chemical or immunological binding of the anti- 
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gen to the solid support. The assay protocol involves 
mixing the beads with sample which has been lysed to 
liberate the antigen. Following adsorption of the antigen 
to the beads, the beads are rinsed and transferred to a 
5 new carrier. An antibody specific to the Chlamydia anti- 
gen is added and incubated for a period of time, and then 
the beads are rinsed. Another antibody specific to the 
ant i- Chlamydia antibody which is conjugated to the signal 
generating label is then mixed with the bead and incu- 
10 bated, followed by a rinse step, and then incubation with 
the substrate. 

U.S. Patent 4,497,900 describes an assay for 
Neisseria gonorrhoea using a bare solid support for non- 
specific antigen adsorption. The solid support is a bare, 
15 untreated, uncoated support preferably of a hydrocarbon 
polymer, polystyrene, silica, silicone, glass, or metals. 

U.S. Patent 4,959,303 describes a method for the 
detection of gram negative bacteria. The solid support 
used is free of any specific binding proteins, and is 
20 essentially protein free. The solid support is a bare, 
hydrophobic support which may possess a positive charge. 
The assay protocol requires that the antigen be mixed with 
an ant i- Chlamydia antibody which is non- specif ically 
captured on the surface. An antibody specific to the 
25 anti -Chlamydia antibody and is conjugated to the signal 
generator is then added, followed by substrate, and then 
detection. The support maybe any bibulous, non-porous 
water insoluble material . 

U.S. Patent 5,030,561 modifies the above approaches 
3 0 by using an amidine modified latex particle or polystyrene 
as the solid support. The antigen adheres to the support 
non-specif ically and the particles are used for separation 
of the solid phase from the liquid phase through filtra- 
tion. The membranes used in the filtration process must 
3 5 be washed with surfactant and casein prior to their use in 
the assay. Substrate visualization occurs at the 

membrane . 
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U.S. Patent 5,047,325 details a method for the 
detection of Chlamydial and Gonococcal antigens using a 
bare or coated solid support which is positively charged. 
Suitable solid supports include glass, cellulose, and 
5 certain polymers. The positive charge is preferably a 
quaternary salt which will maintain its charge over a wide 
pH range. The support provides an additional source of 
non-specific antibody capture which must be eliminated by 
washing the surface with a cationic surfactant. Samples 

10 must be pre-filtered to remove cell debris. 

U.S. Patent 5,075,220 uses a polymeric support with 
cationic surface groups to assist in an ionic interaction 
of the LPS antigen with the solid support. The support 
should be free of any antibody or other biological 

15 compound prior to reaction with the antigen. 

The Chlamydia assay of this invention uses a solid 
support coated with a polymeric siloxane which creates a 
hydrophobic surface capable of non- specif ically capturing 
LPS or similar antigens. This approach will work for 

20 identification of any LPS source. Surprisingly, it has 
been found that the best, most uniform reaction is 
observed when a low amount of non-specific biological 
material, either antibody or other protein, is coated onto 
the hydrophobic surface prior to antigen capture. This 

25 additional coating process may also be of use in assays 
which use EIA, FIA, or RIA detection techniques. In the 
method of this invention, the non-specific biological 
layer promotes uniform adhesion of the precipitating 
substrate system. Any system which relies on the combina- 

30 tion of a solid support, particularly a hydrophobic 
support, with a precipitating substrate system could 
benefit from this observation. 

RSV 

Respiratory Syncytial Virus (RSV) , a myxovirus, is 
35 associated with severe lower respiratory . tract illness in 
infants and children. In adults, RSV usually causes a 
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mild, afebrile, upper respiratory tract infection. In the 
first six months of childhood, the organism is responsible 
for 32 to 75% of all bronchiolitis and 3 to 3 9 % of pneu- 
monia. These illnesses are often life threatening. The 
5 organism has also been associated with other types of 
acute febrile respiratory diseases, such as bronchitis and 
pharyngitis. The organism may be detected in nasal/ 
pharyngeal secretions by culturing the sample prior to any 
freezing or exposure to elevated temperatures . The sample 
10 is used to inoculate HeLa or Hep2 cells and requires 3 to 
14 days to obtain a result. RSV outbreaks occur in late 
fall/early winter and late winter/early spring and last 3 
to 5 months per episode. 

An early viral diagnosis allows physicians to infer 
15 patient prognosis and confirms the etiology of respiratory 
diseases. Three types of diagnostics have been used for 
confirmation of viral illness. First, culture isolation 
followed by a confirmation protocol. Second, serological 
assays for the detection of host response to the viral 
20 infection, and third, direct viral antigen detection. 

Culture methods for RSV involve collection of a 
specimen and mixing the specimen with glass beads. 
Tracheal secretions and bronchoalveolar lavage specimens 
are routinely used. The beads are used to disrupt the 
25 specimen cells by sonication or vortexing to disperse the 
virus into the transport media. An aliquot of this is 
used to inoculate the cell cultures. Confirmation tests 
used include complement fixation and neutralization. 

Serological assays rely on host response to the 
30 virus, i.e. , rely on IgO production. However, the IgG may 
not be produced for two or more weeks and may persist for 
months to years following infection which complicates 
diagnosis. Direct antigen detection methods are more 
diagnostic of active infection, but for RSV are signifi- 
35 cantly less sensitive than culture/confirmation tech- 
niques. Direct detection methods have included immuno- 
fluorescence, electron microscopy, ELISA, and culture. 
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HIV 

The Human Immunodeficiency Virus (HIV) has several 
characteristic markers including gp41, gpl60, gpl20, p66, 
p24, and pl8 . The p24 peptide is one of 4 nucleocapsid 
5 proteins comprising the core of HIV- I and has a molecular 
weight of 24,000 daltons. The selective infectivity of 
the HIV virus is accounted for by the gpl2 0 antigen, while 
gp41 is required for viral entry into the host cell. 
Current screening assays rely on detection of host 

10 response, i.e., antibody production, to one or more of 
these markers. Existing immunoassay methods do not pro- 
vide sufficient sensitivity for direct antigen detection. 

Currently, final confirmation of HIV infection is 
based on Western (immunoblot) blotting techniques. These 

15 tests are costly and technically demanding, as well as 
difficult to interpret. Performance of this method under 
field conditions is usually inferior to that of reference 
laboratories. Western blots are designed to detect one or 
more of the viral core gag proteins pl7,.p24, or p55; one 

20 or more of the polymerase proteins p31, p51, or p66; and 
one or more of the envelope proteins gp41, gpl20, or 
gpl60. The Red Cross requires three positive bands, one 
in each group. The CDC recommends at least 2 positive 
bands including p24, gp41, and gpl60/120, while the FDA 

25 recommends that p24, p31, gp41, and/or gpl20/160 be 
positive to report a positive result. 

The current invention provides a suitable optical 
platform for the detection of host response to one or more 
of the HIV specific antigens. Antigens may be presented 

30 on the surface in combination or individually. 

Hepatitis Virus 

Clinically, the various forms of viral hepatitis are 
difficult to differentiate. Therefore, serological tests 
are required for the diagnosis of causative agent. Five 
35 separate viruses have been associated with hepatitis. 
They are designated A, B, C, D, and E. Originally 
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Hepatitis C was designated non - A, non - B. Recently, a 
non - A, non - B like hepatitis has been postulated. 
Hepatitis A and E are transmitted by the fecal/oral route 
and cause acute infections. Hepatitis B, C, and D are 
transmitted by the parenteral route and cause both acute 
and chronic infections. HCV is responsible for most post- 
transfusion hepatitis. Many HBV infected individuals are 
asymptomatic and are infective. HBV infection has been 
linked with liver cirrhosis and cancer. A review of the 
serological diagnosis of hepatitis is presented in 
Postgraduate Medicine, volume 92, pp. 55 - 68, 1992. 

Each form of hepatitis possesses (Ags) antigens 
unique to that form of the virus; HAV has the HAVAg; HBV 
has surface antigen (HBsAg) , core antigen (HBcAg) , and an 
15 internal component of the nucleocapsid (HBeAg) ; HCV has 
C100, 5-1-1, C22-3 (core), C33c (core), with the N- 
terminal of the core peptide being the major antigenic 
region of the core antigen; HDV has the delta antigen and 
will frequently test positive for HBsAg ; and HEV has not 
20 been well characterized. The form of hepatitis may be 
determined based on antigen detection or host antibody 
response. Because of the sensitivity required for direct 
antigen detection, current diagnostic assays detect anti- 
body response to specific antigen/s. Host response may 
25 produce IgM and/or IgG and differentiation of the antibody 
response may be required to establish the active state of 
infection. For example, IgM ant i- HAV indicates an acute 
infection, while IgG anti-HAV indicates previous 
infection. 

The current invention provides a useful platform 
detection technology for diagnosis of hepatitis. A combi- 
nation of antigens can be immobilized on the test surface 
to detect host response to those antigens. The surface 
panel can detect a combination of antigens specific to one 
hepatitis virus, e.g. . HBV, where the surface can be 
coated with one or more of the following: surface antigen, 
core antigen, or the e antigen. Or the panel can be 



30 
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coated with one or more antigens which discriminate 
between HAV, HBV, HCV, HDV, and HEV using a single sample. 
Such a screening test can be developed in either the 
visual, qualitative format or in a fully automated, 
5 instrumented format. Antibody detection can be 

specifically tailored for IgG, IgM, or both. 

The following examples illustrate various procedures 
by which test devices of this invention can be optimized. 
They also provide examples of particularly useful combina- 
10 tions of each surface layer described above for use with 
instruments or eye-read results. Those in the art will 
recognize that these procedures can be used to optimize 
equivalent test devices to produce those useful in this 
invention. 

15 EXAMPLE l; Diffuse Surface 

Silicon wafers lapped with varying particle sizes to 
produce varying levels of diffuse refection, were coated 
with silicon nitride to a thickness of 500A and refractive 
index of 2.0 to produce an AR wafer. This produces a gold 

20 interference color. The wafers were initially inspected 
for the amount of reflectivity observed, or for the 
remaining specular characteristics. These wafers were 
then coated with an aminosilane as described below, and 
then antibody coated with an anti-Strep A polyclonal 

25 antibody. 

Test surfaces were chemically activated by applica- 
tion of N- (2 -aminoethyl ) -3-aminopropyltrimethoxysilane by 
the following procedure : 

1. The AR wafers were oxygen plasma etched for five 
30 minutes in a vacuum at 0.7 Torr oxygen pressure 

with a plate current of 175 D.C. milliamperes 
and 250 RF watts. 

2. The wafers were placed in a quartz rack and 
inserted into a vacuum desiccator with a vessel 

35 containing 5 microliters of N- (2 -aminoethyl) -3- 

aminopropyltrimethoxysilane . The vacuum was 
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evacuated to 0.06 Torr for 3 0 minutes. The 
temperature of the desiccator was raised to 100 
degrees over the course of one hour to complete 
the vapor phase deposition of the aminosilane. 
5 3. 20 micrograms/ml of a polyclonal anti-Strep A 

preparation in 20 mis of PBS (phosphate buffered 
saline), 10 mM potassium phosphate, 0.8% NaCl, 
at pH 7.2) , and 1% by volume glutaraldehyde were 
combined to form the receptive material solu- 
10 tion. The wafers were placed in a petri dish 

and the receptive material solution was added. 

4 . The wafers were incubated at room temperature 
(about 20°C) in an agitation bath for 15 hours. 

5. Following incubation, the wafers were rinsed 
15 with deionized water to remove the unbound 

antibody. 

6. The surface was incubated in a stabilizing 
solution and incubated for one hour in an 
agitation bath. The stabilizing solution was 

20 made of 2 ug/ml acid hydrolyzed casein, 1% (v/v) 

glycerol and 2% (w/v) sucrose in PBS. 

7. Following the stabilizing process, the surface 
was rinsed with deionized water and then dried 
under a stream of nitrogen. 

25 The wafers were then reacted with samples containing 

varying levels of Strep Group A antigen and a latex secon- 
dary reagent, described in Examples 14 and 15, by incuba- 
tion for 2 minutes at room temperature. The slides were 
rinsed with deionized water and dried under a stream of 
3 0 nitrogen. No difference was observed in the amount of 
silane incorporated or antibody attached. 

The results are shown in Tables 1 and 2, and demon- 
strate that suitably non-specular surfaces allow viewing 
at any angle and with a higher sensitivity than a specular 
35 surface. 
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Table 1 





Lap 

Particle 
Size 


Average 

Particle 

Size 


Dek-tak® 
Separation 


Dek-tak® 
RMS 


Comments 


5 


10-20 
micron 


15 

micron 


20 micron 


2995 


Diffuse, no 
angle depend- 
ence, color 
clear at all 
viewing angles 




20-40 
micron 


30 

micron 


N/A 


N/A 


Diffuse, mini- 
mal specular 
character, low 
angle depend- 
ence, color 
constant at 
most viewing 
angles 


10 


40-60 
micron 


50 

micron 


N/A 


N/A 


Less diffuse, 
more specular 
character, more 
viewing angle 
dependence, 
color starting 
to show angle 
dependence 




80-100 
micron 


90 

micron 


4 0 micron 


4779 


Slightly dif- 
fuse, very- 
specular, 
strong angle 
dependence, 
color varies 
with viewing 
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Table 2 

Visual Interpretation of a Strep A Assay on Different Lapped Wafer Surfaces 
Concentration of Strep Group A Antigen 

Wafer q.oqo Q.QQ8 0.016 0.032 0.064 0.128 0.250 0.500 JLPOO 

5 15micron Trace + ++ ++ + + + + + + ++++ + + + + 

SOmicron -— — Trace + ++ ++ ++ + + + + + + 

50 micron Trace Trace + ++ ++ ++ + + + 

90 micron — — ~ + + ++ + + + 

EXAMPLE 2 : Glass Substrate 

10 A four inch diameter sodium borosilicate glass was 

coated with a thin film, 10-50 A, of aluminum (chromium 
can also be used) to effectively increase the reflectivity 
of the glass and block back surface reflections. This 
material was then coated with amorphous silicon by a 

15 thermal deposition process, as described above, and then 
with a layer of silicon nitride, approximately 500 ±3% A 
in thickness. 

The surface was prepared for antibody coating as 
described in Example 11 below. In this example, a poly- 

20 clonal antibody to Streptococcus Group A (GAS) was used to 
coat the surface. Specifically, 100 /xl samples of diluted 
or undiluted GAS antigen was mixed with 50 fil anti-GAS 
surface activator particle, and assayed as described in 
Example 11. A comparison of this surface to a silicon 

25 nitride coating on a silicon wafer using the GAS model 
assay was conducted. The results are shown in Table 3 and 
demonstrate that glass provides as useful a substrate as 
does silicon. 
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FOLD ANTIGEN 
DILUTION 

0.0 

1:256 

1 :128 

1:64 

1:32 

1 :16 

1:8 

1:4 

1:2 

DIRECT 



100 
Table 3 

GLASS SUBSTRATE 

+/- 

+ 

+ 

+ + 
+ + 
+ + + 
+ + + 
+ + + 
+ + + 



SILICON 
SUBSTRATE 



•f 
+ 

+ + 

4-+ + 
+ + + 
+ + + 
+ + + 



EXAMPLE 3: Construction of an AR Test Surface 

15 An optical substrate , for this example monocrystal- 

line silicon, was coated with a thicker layer (for example 
750 to 800A) of material such as silicon nitride which 
approximates the square root dependence required for an AR 
film. Thickness was then selectively removed by a chemi- 

20 cal etching technique, described above, creating approxi- 
mately 50A steps across the substrate. This process 
produces a wedge of interference colors across the surface 
of the substrate (see Figure 3) . The substrate was then 
coated with the attachment layer and receptive material. 

25 Assays were performed using negative, low positive, and 
intermediate positive samples. 

Any combination of attachment layer, receptive 
material, and assay protocol may be used in this analysis. 
The specific example used a wedge of silicon nitride on 

30 silicon which was coated with T-structure siloxane, as 
described in Example 5 below. The siloxane coated AR film 
was coated with a polyclonal ant i -Strep A antibody as 
described in Example 11. The assay protocol followed was 
as described in Example 19. Samples were placed in the 

35 center of each wedge (different thickness) . After comple- 
tion of this assay the entire substrate was examined for 
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the selection of the wedge or wedges which provide: 1) the 
cleanest negative response - the least detectable non- 
specific binding, 2) the best sensitivity, and 3) the best 
visual contrast. Once a 5oA range of thicknesses was 
5 selected, greater resolution can be achieved by uniformly 
coating a substrate to the maximum thickness selected in 
the first experiment (for example 5 5 OA) , and then etching 
this surface in 10A steps. This method rapidly allows the 
selection of the required optical thickness which provides 
10 the best "apparent" color change in combination with the 
biological materials . 

EXAMPLE 4; Preparation of TiO ? Opt ical Coating 

All measurements are based on the volume of material 
used. The organotitanates may be purchased from Dupont, 
15 of particular utility is Tyzor TPT (tetra i sopropyl titan - 
ate) but tetra n-butyltitanate may be substituted. One ml 
of TPT was mixed with three mis of glacial acetic acid, 3 
mis alcohol, 3 mis deionized water, and 10 #il of 3M's 
FC171 f luorosurf actant . Isopropanol, t-amyl alcohol, 
2 0 ethanol or acetone may be used with water for this appli- 
cation. Ethanol should be avoided as it leads to 
precipitation of the titanium. 

Three to five hundred microliters of this mixture was 
applied to an optical substrate and a uniform film pro- 
25 duced by a static spin coating technique. The film thick- 
ness should be 495A ± 15A. The film was cured to the sub- 
strate by heating it to 250°C for two hours or microwaving 
at 400 watts of power for two minutes. The optical sub- 
strate used in this example was a monocrystalline silicon 
30 wafer. The acceptable temperature limits will also be 
dependent on the type of optical substrate used. Plastic 
will not tolerate the 250 °C cure, but glass will. The 
curing conditions selected here generate a film with a 
refractive index of 2 . 0 (± 3%) which is adequate for this 
3 5 application. 
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Caution must be used to ensure that the optical sub- 
strate is clean, i.e. . particle free, and that the coating 
solution is particle free. Particulates introduce coating 
defects in the film during the spin coating application 
5 process. 



EXAMPLE 5: Production of Attachment Layers 

The designations given here for various attachment 
layer materials will be used throughout. Attachment layer 
materials : 

10 #1: PEI- (Trimethoxysilylpropyl) polyethyleneimine 
#2: PEI/DMDCS - PEI + DimethylDichlorosilane 
#3 : Polystyrene 

#4: MSA - Starburst; 5th generation 

#5: T- Polymer- Aminoalkyl T-structure branch point poly- 
15 dimethyl siloxane 

#6 : TC7A - film forming latex 

#7: DMDPS - Dimethyldiphenyl siloxane copolymer 
#8: Mercapto - Mercaptopropylmethyldimethyl- siloxane 
copolymer 

20 #9 : BAS - N- ( 2 -Aminoethyl - 3 -aminopropyl ) - trimethoxysilane 
#10: PBD - Triethoxysilyl modified polybutadiene 
#11 : PAPDS - (methylphenyl) methyl dodecyl -methylamino- 
propyl -methyl siloxane 

These chemicals were used to form attachment layers 
25 as follows : 



#1: PEI (Petrarch; Bristol, PA) 

A 1:500 dilution of the stock silane was made in 
methanol. A 300 microliter sample of this solution was 
placed on a 100 mm virgin test silicon wafer by micro- 

3 0 pipette, although automated aerosol or spray delivery 
systems are equally useful, while the wafer was spinning 
at 7,000 rpm on a photoresist spin-coater. Spin coating 
can rapidly process a large number of substrates and is 
readily automated. While spin coating is detailed here, 

35 it is not the intention to limit this invention to this 
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type of attachment layer production. Alternate solution 
based or vacuum based (where appropriate) depositions 
could be easily designed by those skilled in the art. PEI 
coated substrates were cured at 100°C under 0.1 mm Hg for 
5 60 minutes. A final attachment layer of 8oA as measured 
by conventional ellipsometry is generally preferred, but 
other thicknesses have been utilized. 

ft2: PEI/DMDCS: DMDCS (Sigma Chemi cal Co., St. Louis, MO ) 
A PEI coated substrate may be further processed by 

10 treatment with DMDCS. This creates branch points along 
the linear PEI chain and causes the surface to perform 
more as a T-polymer coated surface. A 100 milliliter 
stock of 2% DMDCS was prepared in 1, 1, l-trichloroethane 
(v/v) . The PEI coated substrate was submerged in the 

15 solution for 60 minutes at 25°C. The substrate was 
removed from the DMDCS coating solution and rinsed with 
95% ethanol and finally dried under a stream of nitrogen. 
A final attachment layer of 200A as measured by 
conventional ellipsometry is generally preferred, however 

20 other thicknesses are possible. 

&3 : Polystyrene (Becton Dickinson . Oxnard, — CAL 

Approximately 0.05 g of a polystyrene was dissolved 
in 2 milliliters of toluene. A solution was applied by 
the spin coating technique described above. Substrates 
25 were cured for 60 minutes at 25°C prior to utilization. 
A final attachment layer of 200A is generally preferred, 
however other thicknesses are possible. 

ft4: MSA-Starhnrat polymers ( P olvsciences , Warrington, PA) 
A 1:4 dilution of the 5th generation Starburst (0.5% 
30 solids) was prepared in methanol. A 200 microliter sample 
of this solution was applied to the substrate using the 
spin coating method at a spin rate of 3500 rpm. This 
attachment layer was cured for 120 minutes at 25 °C. A 
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final layer of 4 OA is generally preferred, however other 
thicknesses are possible, 

#5: T-Polvmer (Petrarch, Bristol, PA) 

A 1:300 (v/v) dilution of the T-polymer was prepared 
5 in 2-methyl-2-butanol . The attachment layer was applied 
to the substrate by the spin coating method and was cured 
for 24 hours at 140°C prior to use. A final layer of 100- 
160A is generally preferred. 

#6: TC7A (Seradvn. Indianapolis, IN) 
10 The 30% stock solution was diluted to a 0.5% solid in 

methanol. A 300 microliter sample is applied to the sub- 
strate using the spin coating technique and is cured at 
37°C for 120 minutes prior to use. A final thickness of 
this material is preferred to be 240A. 

15 #7: DMDPS (Petrarch) 

A 1:100 (v/v) stock solution of the siloxane in tolu- 
ene was prepared and applied utilizing the spin coating 
technique and curing protocol described for the T-polymer. 
A preferred final thickness is 200A. 

20 #8: Mercapto (Petrarch) 

A 1:300 (v/v) stock solution of the siloxane was pre- 
pared in toluene. The coating and curing protocol were as 
described for PEI . A preferred final thickness is 200A. 

#9: BAS (Petrarch) 
25 A 1:100 (v/v) solution of silane was prepared in 

toluene. A 200 microliter sample was used in the spin 
coating protocol. The wafer was cured for 2 hours under 
0.1 mm Hg at 140°C. A preferred final thickness is 3oA. 

#10: PBD (Petrarch) 
30 A 27.5 microliter volume of the stock silane was 

mixed with 3275 microliters of toluene. The spin coating 
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volume was 300 microliters of this mixture and wafers were 
cured for 60 minutes at 120°C. A preferred final thick- 
ness is 10 oA. 

ftH: PAPDS (Petrarch) 
5 A spin coating volume of 200 microliters of 1:100 

(v/v) of siloxane in toluene was used and wafers were 
cured for 12 0 minutes at 100 °C prior to use. A preferred 
final thickness is 200A. 

The above-noted concentrations, volumes, weights, 
10 spin coating speed, buffers, incubation time and condi- 
tions, and all other reagents or processes described 
throughout these examples are intended to describe pre- 
ferred embodiments only, and are not limiting in this 
invention. 

15 F.X AMPLE 6; Comparison of Attachment Layer Materials For 
Antigens 

A system was designed for the analysis of attachment 
layer material efficiency in attaching an antibody as 
receptive material to a monocrystalline silicon substrate. 

20 This procedure can be used for optimization of other sys- 
tems of this invention. Achieving a dense, reactive layer 
of antibody has been demonstrated to be more difficult 
than other layers of receptive materials due to more strin- 
gent orientation requirements. An ELISA system was 

25 designed for evaluation of an attachment layer. A mono- 
clonal anti-horseradish peroxidase (HRP) was bound to an 
attachment layer as the test receptive material, then 
varying levels of horseradish peroxidase (HRP) were placed 
on the surface to produce a standard curve. Microtiter 

3 0 wells were antibody coated under the same conditions as a 
control . 

All surfaces were antibody coated from a solution of 
0.05 M PBS, pH 7.4 containing 20/*g/ml of the monoclonal 
anti-HRP (Sigma Chemical Co., St. Louis, MO) for 16 hours 
35 at 25°C. The coated substrates were submerged in the 
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coating solution. Peroxidase (Sigma Chemical Co., St. 
Louis , MO) concentrations were allowed to react with the 
test surface or the microtiter wells for 30 minutes at 
37°C and then unbound peroxidase was removed by rinsing 
5 with deionized water. TMB (Kirkegaard and Perry) sub- 
strate was then added to all test surfaces and allowed to 
react for 2 minutes at 25°C for color development. Fluid 
from each spot on the test surface was transferred to an 
uncoated microtiter well containing stopping reagent and 

10 the optical density at 450 nm recorded. Stopping reagent 
was added directly to the microtiter wells of the compari- 
son plate and it was similarly read. 

The results of this study are presented in Table 4 . 
Surfaces were evaluated in terms of sensitivity (resolu- 

15 tion of low concentrations relative to the negative 
control) and dynamic range. For control purposes each 
attachment layer was also coated with rabbit IgG and then 
evaluated in the peroxidase assay. Insignificant inter- 
action of peroxidase with all rabbit IgG coated attachment 

20 materials was observed. The raw silicon substrate was al- 
so examined under similar conditions, and found to exhibit 
very little active receptive material binding to the sur- 
face. (Data is reported as optical density measured at 
45 0 nm . ) 
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10 



15 



Test Surface 

Nunc* 

Dynatech* 

PEI/DMDCS 

T-Polymer e 

T-Polymer b 

MSA 

PEI d 

TC7 C 

MERCAPTO 

DMDPS 

Polystyrene 

BAS d 

PBD 

PAPDS 



PEROXIDASE 
0.0 15.6 
0.005 0.634 
0.017 0.161 
0.007 0.136 
0.030 0.076 
0.015 0.137 
0.003 0.037 
0.008 0.175 
0.016 0.065 
0.000 0.259 
0.015 0.039 
0.000 0.248 
0.002 0.008 
0.011 0.013 
0.004 0.314 



Table 4 
CONCENTRATION (ng/ml) 
31.25 62.5 125.0 250.0 500.0 1000.0 
0.646 0.863 0.876 1.252 1.561 1.413 
0.150 0.279 0.662 1.173 1.465 1.598 
0.264 0.371 0.428 0.714 1.118 1.493 
0.107 0.111 0.276 0.498 0.730 0.850 
0.328 0.365 0.473 0.682 0.946 0.810 
0.100 0.166 0.305 0.373 0.511 0.428 
0.238 0.636 0.651 0.702 0.817 0.743 
0.109 0.159 0.179 0.399 0.324 0.215 
0.514 0.658 0.881 0.957 1.143 1.558 
0.036 0.166 0.100 0.152 0.259 0.442 
0.343 0.444 0.631 0.756 0.795 0.878 
0.012 0.026 0.055 0.100 0.120 0.210 
0.047 0.041 0.072 0.108 0.124 0.143 
0.559 0.515 0.790 0.822 1.259 1.186 



8 T-Polymer was applied to the substrate to a final thickness of 240A. 
b T-Polymer was applied to the substrate to a final thickness of 55A. 
20 C TC7A was applied to a final thickness of 246A. 

*Microtiter wells from these suppliers were used for comparison to the 
optical test surfaces. 

This study clearly demonstrates the utility of a 
siloxane as an attachment layer on a thin film substrate 

25 relative to treating such substrates with PEI or BAS . 
There is also variability in the utility of the individual 
siloxanes, suggesting the functional groups of the silox- 
ane may influence the reactivity of the receptive 
material. The molecular self -assembling polymers also 

3 0 show enhanced performance as an attachment layer relative 
to BAS, but are not as useful as the siloxane materials. 
While the TC7A surface activator performed poorly in this 
assay system it has marked utility in subsequent examples. 
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EXAMPLE 7: Comparison of Attachment Layer Materials For 
Antibodies 

For this analysis, varying attachment layers were 
coated by immersion in a solution of 2 0/xg/ml of rabbit IgG 
5 (Sigma Chemical Co., St. Louis, MO) in 0.05 M PBS, pH 7.4 
for 16 hours at 25°C. Different levels of HRP labeled 
goat anti- (whole molecule) rabbit IgG antibody (Sigma 
Chemical Co., St. Louis, MO) were allowed to incubate with 
the test surface for 15 minutes at 3 7°C. Unbound material 

10 was removed by rinsing with deionized water. The TMB 
substrate solution was applied to the surface and allowed 
to react for 2 minutes at 25°C, and then the solution 
transferred to an uncoated microtiter well, containing 
stopping solution. . (The optical density of these samples 

15 was measured at 450 nm.) The results are shown in Table 
5. 

Table 5 

Goat Anti -Rabbit -HRP Concentration 
(ng/ml) 

00 1^6 31.25 62,5 125.0 250.0 500.0 1000.0 
0.010 0.035 0.085 0.123 0.290 0.289 0.469 0.572 
0.015 0.060 0.061 0.136 0.424 0.437 0.585 0.715 
0.073 0.019 0.033 0.085 0.153 0.227 0.616 0.799 
0.000 0.000 0.001 0.012 0.026 0.037 0.128 0.280 

25 a T-Polymer was applied to the substrate to a final thickness of 53A. 
b Raw silicon is substrate material alone. 

In this study the various test surfaces were used to 
demonstrate the utility of the system in the detection of 
an antibody capture. In this case the siloxane attachment 
30 layer and the molecular self -assembling attachment layer 
performed equally well. The substrate without the addi- 
tion of an attachment layer demonstrated very little 
available or reactive receptive material, demonstrating 
the need for an attachment layer. 



20 Test Surface 
PEI/DMDCS 
T-Polymer a 
MSA 

Raw Silicon 6 
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EXAMPLE 8: Competitive Assay F ormat 

DNP is a small molecule, not atypical of the 
molecular range exhibited by therapeutic drugs, drugs of 
abuse, pesticide residues, or organic residues. It is 
5 often desirable to assay small molecules such as these 
using a competitive assay format. 

This example describes the method and results of an 
assay quantitating the concentration of DNP in the sample. 
The surface was coated with either the hapten or a carrier 
10 which was conjugated with the hapten. The hapten may be 
directly immobilized to the surface if appropriate chemis- 
tries are available, or passively attached to the surface. 
The same options apply to the hapten/carrier conjugate. 

Test samples were mixed with a material which will 
15 react not only with the free hapten in the test sample, 
but also with the immobilized hapten. One of the most 
commonly used reactive materials is an antibody specific 
to the hapten. Any highly specific binding reagent could 
be substituted for the antibody. The extent of capture of 
20 this reagent is inversely proportional to the concentra- 
tion of free hapten in the original test sample. The test 
may be designed to produce quantitative or qualitative 
results . 

Materials and reagents were prepared as follows: 
25 1. Monocrystalline silicon wafers, 4 inches in diameter, 
n = 4.02, virgin test quality, polished on one side, 
1-0-0 crystal orientation, were coated with silicon 
monoxide to a final thickness of 550 ( + 10) A and a 
refractive index of 2.0 (±0.05). The thin film 
3 0 interference color produced by this material is gold. 

The silicon monoxide was applied to the wafers by a 
standard chemical vapor deposition technique. 
2. The wafers were activated with the bis- aminos i lane 
vapor coating process described in Example 1. 
3 5 3. These amine derivatized surfaces were placed in 3 0 
mis of solution containing phosphate buffered saline 
(PBS), pH = 7.2 and 5 mg/ml DNP conjugated to human 
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serum albumin (USA) (DNP-HSA) in a Falcon 100 mm 
Tissue Culture Dish. Wafers were coated at 37°C 
(±2°C) , 98% humidity until 40 A of DNP-HSA was 
deposited on the surface (approximately 30 minutes) . 
5 A Gaertner Ellipsometer was used for all thickness 

determinations . The wafers were removed from the 
coating solution, rinsed with deionized water, and 
dried under a stream of nitrogen. 
4. Goat anti-DNP was mixed in PBS to a concentration of 

10 1.2 mg/ml . DNP was dissolved into water. Antibody 

and DNP were mixed 1:1. A 20 /xl sample of the mix- 
ture was applied to the coated surface and incubated 
for 10 minutes at room temperature. Unbound 
materials were rinsed from the surface with deionized 

15 water and the surface dried under a stream of 

nitrogen. The slide was visually examined and, in 
addition, the change in mass at the surface measured 
by a change in light intensity using a modified Sagax 
Comparison Ellipsometer, see Figure 15. Reading 

20 protocol is given in Example 21. Visual examination 

gives a semi-quantitative estimation of the concen- 
tration when a sample is compared to a standard 
curve . 

The results are shown in Table 6. 

25 Table 6 

Concentration of Relative Ellipso- 

DNP Added in no /ml metric Intensity Visual 

0.0 53.2 ++ 

0.031 40.4 + 

30 0.062 34.0 + 

0 .125 27.4 +/- 

0.500 26.6 +/- 

1.000 23.3 +/- 

100.0 15.0 
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EXAMPLE 9: Small Molecule Detection 

A 4 -inch monocrystalline silicon wafer with an index 
of refraction of 4 . 02 at a specified wavelength was coated 
with silicon oxynitride . The refractive index of this 
5 coating of silicon oxynitride was 1.98 with a thickness of 
approximately 54 OA. 

The wafer was then chemically activated by applica- 
tion of approximately 50 ±2 A of (N-trimethoxysilylpropyl) 
polyethylene imine (Petrach Systems, Bristol, PA) using 
10 standard wafer spin coating techniques designed for 
application of photoresist. The wafer was cured in an 
oven at 140°C for a period of 2 +0.1 hours. 

A fresh 1% solution of a small analyte, trinitro- 
benzene sulfonic acid (TNBS) , was prepared in deionized 
15 water. A 25 nl drop of deionized water (control) and of 
the TNBS solution was placed on the surface of the amine 
coated wafer. The drops were allowed to react with the 
surface for five seconds. The surface was rinsed with 
water and dried with a stream of pressurized air. Upon 
20 visual inspection under polychromatic light the area 
contacted with the TNBS is a red-purple color. 

The change in thickness on the surface caused by TNBS 
binding is approximately 20A. This was sufficient to 
produce a visually discernable color change in the area 
25 where the TNBS bound. 

EXAMPLE 10: Enzvme De tection 

A 4 -inch monocrystalline silicon wafer was coated 

with an AR film of 525 ±3% A silicon nitride (refractive 

index 1.97 ±0.05) . 
30 The deep gold colored wafer was coated with 

approximately 100 ±2 A of aminoalkyl- (t-structured) - 

polysiloxane (Petrarch Systems, Bristol, PA). The gold 

colored wafer was cured for two hours at 140 °C. The wafer 

takes on a very slight purple tint. 
35 The siloxane coated wafer was placed in a phosphate 

buffer containing acid soluble collagen. The collagen 
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solution was prepared in the following manner. Acid 
soluble collagen type I from calf skin (Sigma Chemical, 
St, Louis, MO) was dissolved in 1 molar acetic acid 
adjusted to pH 4 at a concentration of 5 mg/ml . Then, a 
5 0.1 molar phosphate buffered saline, pH 6.8, containing 20 
ug/ml of the acid dissolved collagen was prepared. This 
solution was used to coat the wafer for a period of two 
hours at room temperature. Thirty mis of solution were 
placed in a Falcon Tissue Culture Dish and the wafer 

10 submerged in the solution. The wafer was rinsed with 
water and dried with a stream of pressurized air. The 
wafer had a dark purple/blue color. Solutions of colla- 
genase enzyme (Boehringer-Mannheim) in a 0.1 molar Tris- 
Hcl buffer, pH 7.2, containing 50 mM calcium ion were 

15 prepared with 0 to 1 units of activity per ml of solution 
to evaluate the collagen coated wafer. One unit is equal 
to the amount of enzyme that hydrolyses 1 /zmole of FALGPA 
per minute at 25°C. In this system the enzyme will 
degrade the collagen on the wafer surface and cause a 

20 thickness decrease. The thickness decrease is opposite of 
the other examples described in this invention, which 
involve color change due to thickness increases. 

A 25 /xl drop of collagenase enzyme at a concentration 
of 0.5 units/ml was allowed to react with the collagen 

25 coated wafer for five minutes. The wafer was washed with 
deionized water and dried with a pressurized air stream. 
Upon visual inspection areas contacted with the enzyme had 
a gold appearance while the background remained dark red 
to purple. The results are shown in Table 7. 
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10 



15 



20 



25 



30 



Collagenase 
Concentration 
0.0 n/ml 
0.1 /i/ml 
0 . 2 /i/ml 
0.5 n/ml 

0 . 8 n/rol 

1 fi/ml 
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Table 7 

Visual 

+ 
+ 

++ 
++ 
+++ 



Color 

purple/blue 
purple 
purple 
pale purple 
pale purple 
gold 



35 



F.y&MPLE It? Attach ^nt Laver Evaluation 

A silicon substrate was prepared by processing 
diamond sawed wafers from a monocrystalline silicon ingot 
in a series of steps known to those skilled in the art as 
lapping. Sawed wafers were lapped with an abrasive 
material, etched to a more uniform surface profile with 
acid or caustic solutions, then further lapped to a 
progressively finer level of surface roughness. For this 
application, an abrasive preparation of 12-21 micron 
aluminum oxide particles with a mean size of 15 microns 
was used to produce a diffusely reflective substrate. For 
this particular study, the substrate prepared as described 
above was coated with silicon nitride to a final thickness 
of 550A. While this is the combination of materials 
described, any AR material at varying thicknesses may be 
used within this invention. The test surface was then 
treated with a number of the attachment layer materials as 
described in Example 5. 

These test surfaces were coated in solution with 20 
M g/ml of a rabbit anti-Streptococcus Group A (Strep A) 
antibody in 0.1 M HEPES, pH 6.0 for 60 minutes at 25»C. 
The test surfaces were reacted by placing a 10 microliter 
spot of a control solution either free of or containing 
Strep A antigen and a latex mass enhancing reagent (see, 
Example 14) and incubating for 2 minutes at room tempera- 
ture. Test surfaces were then rinsed with deionized water 
and dried under a stream of nitrogen. 



SUBSTITUTE SHEET 



WO 94/03774 PCT/US93/05673 



114 

The negative control was prepared by mixing 1 part 2 
M NaN0 2 with 1 part 2 M acetic acid and neutralizing with 
0,66 N NaOH. The positive control, a commercially avail- 
able buffer-based preparation of extracted antigen from 
5 cultured Strep A cells was diluted in the extraction media 
prior to use. Samples were mixed 1:2 with a secondary 
latex reagent prior to application to the test surface. 
Results in Table 8 are reported as the highest dilution of 
positive control capable of being visualized above a 
10 negative control. 

Table 8 

Test Surface Higest Detectable Dilution 

T-Polymer 1:256 

TC7A 1 : 8 

15 BAS No visual response 

PEI No visual response 

PEI/DMDCS 1:16 

DPhDMS No visual response 

MSA 1:64 
20 This study was designed to demonstrate the utility of 

the attachment layers in an antigen capture assay where 
the result is a visual signal on a diffusely reflecting 
substrate. In this case BAS and PEI, demonstrate little 
functional receptive material binding. The various silox- 
25 anes demonstrate varying ability to adhere the receptive 
material. The best assay performance is obtained with the 
T-polymer siloxane. Both the molecular self -assembling 
attachment layer and the surface activator, TC7A, show 
some utility in this assay system. 



3 0 EXAMPLE 12: Instrumented Assay 

The monocrystalline silicon substrate used in this 
example is a polished wafer surface. The attachment 
layers were applied as in Example 5 and antibody was 
applied as in Example 11. The assay was conducted as 

35 described in Example 11. The positive control used 
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contained a dilution of the Strep Group A antigen. Once 
dried, the reacted test surfaces were examined with the 
Sagax Comparison Ellipsometer and the photometric analysis 
of the reflected light intensity was recorded in terms of 
a millivolt reading (see, Table 9) . 



Table 9 



Test Negative 
Surface 



Positive 



PEI 

10 PBD 
TC7A 



Control (mV) Control (mV) 

36.0 133.0 



21.2 37.7 
0.0 



T-Polymer 15.5 
MSA 0 • 0 



56.0 
286 .4 
136.0 

All attachment materials tested are useful in this 
15 assay, with PEI, MSA, and T-polymer providing optimum 
results . 

TrvaMPT.T? 13_; C gHaggnasg. Activity 

A TC7A test surface was prepared as in Example 5, the 
monocrystalline silicon wafer was coated directly. The 
20 test surface was submerged in a solution of 0.1 M Tns- 
HC1 pH 9.0, containing 4.9 ug/ml of human collagen Type 
1 (Sigma Chemical Co., St. Louis, MO). The test surface 
was coated for 60 minutes at 25°C. Test surfaces were 
rinsed with deionized water and dried under a stream of 
25 nitrogen prior to use. A 143A layer of immobilized 
collagen was produced. Varying dilutions of collagenase 
(Boehringer-Mannheim, Indianapolis, IN) were prepared m 
a buffer containing 0.005 M CaCl 2 and 0.1 M Tris-HCl, pH 
7 6 Five microliter spots of the varying concentrations 
30 of collagenase were applied to the test surface and 
incubated for 5 minutes at room temperature. 

Reacted surfaces were rinsed with deionized water and 
dried under a stream of nitrogen. Reacted surfaces were 
examined with the Sagax Comparison Ellipsometer and 
35 reflected light intensity recorded. In this example the 
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receptive material layer is degraded by the collagenase 
and holes are produced in the receptive material to give 
a progressively more negative signal as a function of 
increasing activity or concentration of collagenase, 
5 Collagenase activity is reported in units x 10 3 /ml. 
Activity was measured as light intensity in millivolts 
(see, Table 10) . 



TABLE 10 



10 



Collaqenase 


Run #1 


Run #2 


Run #3 


Averacre 


S.D. 


%cv 


0.0 


-15 


-1 


2 


-4.7 


9.0 


200.0 


100.0 


60 


55 


68 


61.0 


9.6 


10.8 


200.0 


125 


93 


108 


108.7 


16.0 


14.7 


300.0 


181 


118 


188 


162.3 


38.6 


23.4 


500.0 


271 


226 


228 


240.0 


27 .1 


11.3 



15 This study was designed to demonstrate the production 

of a test surface for the detection of an enzyme activity. 
While the demonstrated activity is degradative in this 
case, the production of a system to measure enzyme 
activity in terms of a synthetic activity can also be 

20 envisioned. In this case, the TC7A attachment layer 
demonstrated nearly a 3 fold increase in acceptance of 
receptive material relative to the T-polymer siloxane 
(results not shown) . 

EXAMPLE 14 : Mass Enhancement 

25 This example demonstrates use of mass-labelled 

antibody and selection of an appropriate mass-providing 
reagent. Such selection can be used for determination of 
optimum mass labels for other systems of this invention. 

Surface Activator particles were purchased from Bangs 

30 Laboratories, Carmel, In.; Amide Particles: Lot Numbers 
L910108A (SA7-015/758) or L901015J (B7-015FF/181) ; or 
Carboxylate Particles: Lot Number L9004108 (SA1-015/787) . 
TC3 , TC3X, TC7, and TC7X are similar film- forming parti- 
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15 



cles which were purchased from Seradyn, Inc. Indianapolis, 
in. All of the TC designated preparations were carboxylic 
acid containing styrene -butadiene copolymers. Of these 
preparations only the TC7 particles were extensively exam- 
5 ined. The TC3 preparations produce a very opalescent film 
and were not used. Seradyn particles examined were TC-7A 
Product Number CML, Lot Number 1K3 0; TC-7X Lot Number 
1M92. TC-7 Lot Number 1V18 (F040690) , TC-3X Lot Number 
1R35* and TC-3 Lot Number 1J44 . The surface activator 
10 preparations offer more flexibility in the chemistries of 
immobilization as both carboxylate and amide particles are 
available. The amide particles are readily converted to 
the hydrazide particle as described in U.S. Patent 
4,421,896. 

In this study, monocrystalline silicon, virgin test 
wafers were used directly. These wafers were coated with 
a T-polymer siloxane (Petrarch Systems, Bristol, PA, 
Catalog Number PS401, Lot Number) by application of 300 
microliters of 1:300 (v/v) dilution in 2-methyl-2-butanol 
of the stock siloxane using a spin coating device. The 
T-polymer was cured to the surface of the wafer by a heat 
treatment for 120 minutes at I2 0 oc. The activated sub- 
strates were placed in a solution containing 20 micro- 
grams/ml of a rabbit polyclonal antibody to Streptococcus 
25 Group A in 0.1 M HEPES buffer, P H 6.0. Wafers were 
submerged in the antibody solution for 60 minutes at 25°C, 
removed, rinsed with deionized water, and dried under a 
stream of nitrogen. A thickness or optical density change 
is directly observed by examining a reacted wafer with the 
30 Sagax Comparison Ellipsometer . 

Table 11 summarizes the results obtained with 
variously coated film-forming particles. Table 11 indi- 
cates the antibody concentration, particle concentration, 
and the addition of any blocking materials if necessary. 
35 The antibody used for coating of the film-forming parti- 
cles was the same as that used as the receptive material 
on the ellipsometric wafer. Antibody was coated to the 



20 
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surface of the particle by incubation of the mixtures at 
25°C for 16 hours. TC7 preparations were examined as 
dilutions of the stock solutions, dialyzed against water 
and treated with a mixed bed resin prior to reaction with 
5 antibody. 

Table 11 





Amplifier 


% 
Solid 


Antibody 
Concen 
tration 


A:S" 
Ratio 


Blocker 


Values 
Neg 


Pos 




TC7 


3 


150 


1:1 


- 


45 


60 




TC7(dialyzed) 


3 


115 


1:1 


- 


45 


45 


10 


TC7 


3 


7.7 


1:1 


- 


98 


110 




TC7(lon Exchange) 


3 


115 


1:1 


- 


43 


50 




TC7 


3 


150 


1:1 


0.005% 
SDS 


63 


60 




SA:COOH 


3 


150 


1:1 




145 


181 




SA:COOH 


3 


150 


1:1 




143 


180 


15 


SA:C00H 


1 


150 


1:1 




74 


80 




SA:COOH 


3 


150 


1:1 


Casein 
1.5 15 
ug/ml 


50 


50 




SA:COOH 


3 


7.7 


1:1 




132 


1 50 




SArCOOH 


1 


7.7 


1:1 




87 


97 




SA:COOH 


3 


150 


2:1 




122 


147 


20 


SA:COOH 


3 


150 


1:4 




42 


51 




SA:COOH 


2 


150 


1:1 




47 


58 




SArCOOH 


2 


150 


1:4 




55 


61 




SA:COOH 


2 


150 


1:2 




34 


68 
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Amplifier 


/O 

Solid 


Antibodv 

/* ■ 1 VI WWW J 

Concen 
tration 


A:S # 
Ratio 


Blocker Values 
Neg 


Pos 




SA:COOH/H 2 0 


7 


150 


1:1 


56 


60 




SA:COOH/H 2 0 


7 


200 


1:1 


56 


63 




SA:COOH/EDC/H 2 0 


7 


150 


1:1 


38 


42 




SA:COOH/EDC/H 2 0 


7 


200 


1:4 


48 


51 


5 


SA:COOH-Surfactant 


1 


150 


1:1 


122 


82 




SA:COOH-Surfactant 


1 


150 


1:10 


85 


90 




SA:COOH-Surfactant 


20 


370 


1:1 


283 


150 




SA:COOH-Surfactant 


20 


370 


1:4 


280 


231 




SA:COOH-Surfactant 


20 


370 


1:1 


1:1 1% 213 
BSA 


133 


10 


SA:COOH-Surfactant 


5 


150 


1:1 


117 


91 




SA:N~N/Glut H 2 0 


4 


150 


1:1 


55 


101 




SA:N = NH 


10 


150 


1:4 


281 


135 




SA:N = NH 


10 


150 


1:10 


242 


111 




SA:N = NH Bicine 


3 


150 


1:1 


19 


25 


15 


SA:N = NH H 2 0 


4 


150 


1:2 


41 


63 




SA:N = NH H 2 0 


10 


150 


1:1 


125 


217 




SA:CONH 2 


3 


150 


1:4 


66 


55 




SA:CONH 2 


10 


150 


1:4 


66 


63 




SA:N = NH 8 


3 


300 


1:2 


0 


613 


20 


SA:CONH 2 a 


3 


300 


1:2 


0 


320 



* Amplifier to Sample Ratio. 

8 The final concentration of hydrazide in this particle preparation was 3 M 
and antibody was coated to the particle in 50 mM MES, pH = 6.0 and at 
56°C for 30 minutes. 
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Covalent attachment of the antibody was examined with 
the carboxylate particles by the addition of a 1% final 
concentration (w/v) of a carbodiimide (l-cyclohexyl-3- (2- 
morpholino-ethylcarbodiimide metho-p-toluenesulf onate; 
5 Aldrich Chemical, Co., Milwaukee, WI, Catalog Number 
CIO , 640-2 , Lot Number 09915PW) . The carbodiimide was 
added prior to the addition of the antibody. Hydrazide 
treated amide particles may be treated with a final 
concentration of 0.05% glutaraldehyde immediately before 

10 the addition of antibody to provide covalent attachment of 
the antibody onto the surface of the particle. Particles 
were coated with antibody in a 0.01 M phosphate buffered 
saline at pH 7.2 unless otherwise denoted. 

The Strep A antigen preparation used for the 

15 production of the positive control was commercially 
available. This antigen was diluted into a mixture of one 
part 2 M NaN0 2 , one part 2 M Acetic Acid, and one part 0.66 
N NaOH to a 1:600 dilution level. The same preparation 
minus the antigen was used as the negative control. The 

2 0 amplifying reagent was mixed in varying ratios, as 
designated in Table 11, with the positive and negative 
controls and five microliters were applied to the surface 
of the antibody coated wafer. The samples were incubated 
for 2 minutes at 25 °C, rinsed, and then dried under a 

25 stream of nitrogen. Reacted wafers were examined with the 
modified Sagax Ellipsometer and the thickness was recorded 
as a change in intensity, measured in millivolts. 

These data demonstrate that an extremely high 
particle density in the amplifying reagent introduces a 

30 non-specific association of that reagent with the test 
surface. Addition of ancillary proteins or surfactant do 
not improve the performance of the antibody coated 
particles. The TC-7 particles being slightly more rigid 
than the Surface Activators do not perform as well for 

35 this particular application, however, in comparison with 
some other latex preparations the TC-7 particles demon- 
strate significant reactivity. Increased temperature 
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appears to improve the level of antibody incorporation 
into the particle and thus reduces the level of free 
antibody. While free antibody was not removed from these 
particles, it may be advantageous to remove unassociated 
5 antibody by a technique such as ultra- filtration. The 
hydrazide derivatized amide particles appear to provide 
the best overall reactivity although the amide particles 
also perform well. The surface activator carboxylate 
particles do not perform as well as the amide particles. 

10 KX AMPLE 1 5 - Latex 

In this study the amplifying film- forming particles 
were prepared as in Example 14, and the assay was con- 
ducted as described there. The substrate employed was a 
monocrystalline silicon wafer which was lapped with 12-20 
15 micron aluminum oxide particles, mean particle size 15 
microns, to create a rough textured surface using a 
process well known to those skilled in the semi-conductor 
industry. This substrate was coated with a thin film of 
silicon nitride. A silicon nitride film of 350 to 550A is 
20 standard for this application, however, any film thickness 
can be utilized. The T-polymer treatment of the optical 
slide was as described in Examples 5 and 14. 

The results are shown in Table 12. The visual 
results differ from those observations made in the 
25 ellipsometric system. A very high particle density 
provides a clean negative result, but does not produce a 
strong positive visual signal. A higher level of antibody 
incorporated into the particle produces a stronger signal 
than does a lower level of antibody, as observed with the 
30 instrumented assay. This study suggests that insufficient 
antibody coverage of the particle allows non-specific 
association of the latex particle with the test surface. 
Once optimized, however, the positive and negative results 
are readily detectable and distinguishable. 
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Table 12 







Antibody 


A:S' 


Visual Respon 


Amplifier 


% Solid 


Concentration 


Ratio 


Neg Pos 


SA:N=NH H 2 0 


10 


150 


1:1 


+ 


SA:N = NH H 2 0 


10 


150 


1:1 


+ 


SA:N = NH H 2 0 


10 


150 


1:2 


+ 


SA:N = NH H 2 0 


10 


150 


1:3 


+ 


SA:N = NH H 2 0 


10 


150 


1:4 


+ + 


SA:N = NH H 2 0 


10 


150 


1:5 


+ /- 


SA:N = NH H 2 0 


3 


150 


1:1 


+ /- + + 


SA:N = NH H 2 0 


3 


150 


1:5 


+ /- + 


SA:N = NH 8 


3 


300 


1:2 


+ + + 


SA:CONH 2 8 


3 


300 


1:2 


+ + 



* Amplifier to Sample Ratio. 
15 8 Final hydrazide concentration is 3 M and antibody is added to the particles in 50 mM 
MES, pH=6.0 at 56°C for 30 minutes. A 2.5 M MOPS was used as the neutralizer in 
these experiments to provide a final pH of 8.0. 



EXAMPLE 16: Enzyme Amplification 

Horseradish peroxidase (Sigma grade VI) was chemic- 

2 0 ally coupled to immunoglobulins purified by caprylic acid 

precipitation from pooled high titer sera from rabbits 
previously injected with suspensions of cells from cul- 
tures of Neisseria meningitidis A, C, Y, W, 35 . The coupling 
was done using the reagent S-acetyl thioacetic acid N- 
25 hydroxysuccinimide ester and methods described in 
Analytical Biochemistry 132 (1983) 68-73. The resultant 
conjugate contained peroxidase (104/xM) and immunoglobulin 
(35/xM) in a buffer of MOPS, 50 mM, pH 7.0. The 
peroxidase -immunoglobulin conjugate was diluted in MOPS 

3 0 buffer together with casein ( 5 mg/ml) and mixed with an 

equal volume of a dilution of a cell-free filtrate from a 
culture of Neisseria meningitidis organisms. 

The mixture (25/il) was pipetted to the surface of a 
silicon wafer coated with layers of silicon nitride, t- 
35 polymer siloxane, and purified immunoglobulin from the 
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same rabbit antibody preparation to Neisseria meningiti- 
dis. Antibody was coated to the T-polymer/silicon wafer 
from a solution containing 10jig/ml of antibody in 50 mM 
MOPS, pH 7.0. The wafer remained in the antibody for 1 
5 hour at ambient temperature, was rinsed with deionized 
water, and dried under a stream of nitrogen. The antibody 
coated substrate was further treated by incubating the 
coated substrate in 0 . 5 mg/ml hydrolyzed casein in 50 mM 
MOPS pH = 7.0 for 1 hour at ambient temperature followed 
10 by rinsing and drying. 

Sample was mixed 1 part with 1 part of conjugate. 
Ten microliters was applied to the test surface. After 2 
minutes the sample was washed off with water and the wafer 
was dried with a stream of nitrogen or blotted with a fil- 
15 ter device. TMBlue precipitating substrate (TMBlue is a 
commercially available product, trademarked by Transgenic 
Sciences, Inc. and disclosed in U.S. Patent 5,013,646) was 
applied to the same area of the wafer and allowed to stand 
for 5 minutes. The wafer was washed and dried. A purple 
20 spot was visible where the reaction had occurred. This 
resulting precipitate was then read by eye and ellipso- 
meter to confirm the presence of N. meningitidis. A 
1:20,000 dilution of the antigen is clearly resolved from 
the negative by eye (see. Table 13) . 

25 Table 13 

N. Meningitidis Results 

Ellipsometric 
p-q-M Dilution* Visual Score mVolts 

0 - 64 ' 2 

30 1:10,000 + 152.0 

1:5,000 +++ 238.5 

1:2,500 +++ 395.7 

1:1,000 ++++ 635.0 

♦Dilution of the stock antigen preparation into 50 mM 

35 MOPS. 
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A test kit can be formed based on the above assay. 
This kit contains all the components necessary to perform 
up to 50 optical immunoassay rapid tests. The kit 
features a solid support test station which is designed to 
5 facilitate the proper washing and drying steps required. 
A slide, which may include from one to five (or more) 
unreacted test surfaces specific for the conjugated 
analyte of interest, is placed on the test station. Upon 
completion of the first reaction, the slide is tilted 

10 forward away from the operator. The test surface (s) is 
vigorously rinsed with wash solution which drains from the 
tilted surface into the reservoir below. (The reservoir 
contains a solid absorbent block of cellulose acetate 
treated with a biocide.) The slide is then returned to a 

15 level position, and a piece of absorbent paper is placed 
directly onto the test surface. Several seconds contact 
time is allowed for full wicking. The absorbent papers 
are provided as pads of individual tear-off sheets 
conveniently located on the front of the test kit, but the 

20 wash/dry process can be effected by alternate means, such 
as capillary action. In addition, a solution of an 
enzyme-labeled substance, an enzyme-labeled antibody which 
is specific to an analyte of interest (such as an 
antigen) , is provided, suitably buffered and diluted. 

25 Finally, precipitating means, such as a container of 
commercially available TMBlue liquid, is provided in a 
convenient volume so that one to three drops or more can 
be applied dropwise to cause the enzymatically produced 
mass change to precipitate before washing. The second 

3 0 incubation is started by adding substrate to the surface 
and. the wash/dry process is repeated to complete the test. 

Two different types of silicon wafers were used; one 
a gold colored silicon nitride-coated wafer and the other 
was a silver-colored silicon wafer without a nitride 

35 coating. One possibility is that the visual color which 
is observed with the peroxidase/precipitating" substrate 
system on the silicon nitride is strictly due to the 
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absorbance of the dye precipitated on the surface. If 
this is the case and the precipitated dye is not behaving 
as a thin film, then the silver-colored silicon wafer will 
produce a visual signal which is the deep blue of the 
TMBlue only. 

T-polymer coated wafers were treated with antibodies 
for five separate tests; N. meningitidis A, C, Y, W l35 ; N. 
meningitidis B; Streptococcus B; H. influenza B; and 
Streptococcus pneumoniae. The first reagent produced for 
each test was wafers, gold and silver, coated with the 
attachment layer (T-polymeric siloxane) as previously 
described. All five antibodies were coated to these types 
of wafers at a 10/tg/ml concentration of antibody in 50 mM 
MOPS, pH 7.0 by immersing wafers in the appropriate 
15 solution for one hour at ambient temperature. Wafers were 
rinsed, dried, and blocked as described in Example 1. 

The second reagent required utilized the same five 
antibody preparations for the production of antibody- 
horseradish peroxidase conjugates using the method 
20 described above. The stock conjugate preparations are 
used to produce working conjugate by dilution in 50 mM 
MOPS, pH 7.0, containing 5 mg/ml casein, to a final 
conjugate ratio of 1:100. One part of the working 
conjugate solution is mixed with one part of a standard 
25 antigen preparation, and a 20/xl sample applied to the 
appropriate antibody coated wafers. 

A rapid protocol was employed using a 2 minute 
incubation followed by a wash, dry then a 5 minute 
substrate incubation to permit the build-up of product on 
the wafer surface. Following a wash and blot dry, the 
sample was read with both the naked eye and an ellipso- 
meter. Purple colored spots, strikingly visible, 

developed on the gold, silicon nitride-coated wafer, and 
grey spots were seen using the silver-colored silicon 
35 wafer without nitride coating. On the silicon nitride 
coated surface a very strong positive produced a white 
interference color. The thickness increase could be 
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Table 14 

Sensitivity Comparison of OIA with Latex Agglutination 







Latex 1 + 




OIA/ 


Orqanism 


Source of Antigen 


Reaction 8 


OIA b 


Latex* 


N. meninaitidis 


Cell supernate 


4K 


20K 


5 


A,C,Y,W 13S 










N. meninaitidis B 


Kit positive diluted in 
Cerebral Spinal Fluid 


8 


32 


4 




Kit positive diluted in 


20 


160 


8 




buffer 










Cell supernate 


25K 


200K 


8 


H. influenza B 


Kit positive 


10 


80 


8 


Streptococcus B 


Kit positive 


10 


50 


5 




Pronase extract of cell 


10K 


40K 


4 




suspension 








S. Dneumoniae 


Kit positive 


100 


Neg. 






Type 4 polysaccharide 


200 


400 


2 




Type 9 polysaccharide 


50 


50 


1 




Type 12 polysaccharide 


50 . 


10 


0.2 


Streptococcus A 


Positive Antigen 


80 


1600 


20 



8 Latex Agglutination Assay; commercially available. 
b Mass Enhance Catalytic 

Represents relative increase in sensitivity achieved with OIA compared to 

latex agglutination. 
NOTES : 

1 ) For OIA, the dilution is the last dilution giving a visibly positive result. 

2) Cell supernates ntoed here are the supernatants removed after overnight 
+ 4°C standing of a heavy cell suspension made in 0.5% formalin in 
saline. They have a high content of the polysaccharide, hence require 
considerable dilution. 

3) Latex tests were done with commercially available products which had not 

expired. 
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The results shown in Table 15a and 15b are a compar- 
ison of the catalytic mass enhanced method and an Enzyme- 
Linked Immunoadsorbant Assay (ELISA) . The data demonstrate 
an enhanced performance of the enzyme amplified iassay for 
5 Meningitidis A, C, Y, W 135 relative to the ELISA, using TMB 
as a substrate. Production of the ELISA test surface and 
the optical test surface are described below. 

There are two major differences between these tech- 
niques. First, the method of this invention utilizes a 

10 polished silicon wafer for solid phase adsorption of the 
antibody while ELISA utilizes a clear polystyrene micro- 
titer plate. Second, and more important, the substrates 
used to develop the reaction for this catalytic method 
produce an insoluble product that deposits on the surface 

15 of the polished silicon wafer, while the substrate for 
ELISA produces a colored solution in the wells of the 
microtiter plate. It is because of this important 
difference that the results obtained with this catalytic 
method are more sensitive. The ELISA depends on a visible 

20 color to be produced from the chromogen, while the device 
of this invention depends only on a thin layer of chromo- 
gen to be deposited on the device. 

Specifically, one surface is a polished silicon wafer 
(OIA) and the other surface, a clear polystyrene, micro- 

25 titer plate (ELISA) . Both surfaces received a 10 /xg/ml 
antibody solution for 1 hour at room temperature, a deion- 
ized water rinse, and a 0.5 mg/ml casein blocking solution 
for 10 minutes at room temperature, and a final deionized 
water rinse. 

30 In the assay, antigen dilutions where: 1:5,000; 

1:10,000; 1:20,000; 1:40,000; 1:80,000; and 1 : 16 0 , 000 ; and 
the conjugate solution was a 1:100 dilution of HRP labeled 
antibody containing 5 mg/ml casein and 50 mM MOPSO, pH 
7.0. One part of each antigen dilution was combined with 

35 one part conjugate solution immediately before use and 
applied to each surface. This was allowed to react for 2 
minutes at room temperature, then each surface was rinsed 
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with deionized water. Substrate was then added to each 
surface. The silicon wafer received TMBlue and the ELISA 
plate received TMB. This was allowed to react for 5 
minutes at room temperature. At this point, the reaction 
5 was over and the silicon wafer was rinsed with deionized 
water and dried with nitrogen. The ELISA was stopped with 
H 2 S0 4 . A visual reading was made to determine the lowest 
antigen dilution dif f erentiable from the negative and the 
test surface containing the insoluble product deposited on 

10 the surface put into the ellipsometer to measure the 
respective voltages . 

OIA could be read out to a 1:40,000 antigen dilution 
as compared to ELISA (unstopped) which could be read to 
only a 1:10,000-1:20,000 dilution, while ELISA (stopped) 

15 could only be read to a 1:5,000-1:10,000 dilution by eye. 

Instrument read results are shown in Tables 15a and 

15b. 



Table 15a 

Catalytic Mass Enhanced Method (OIA)"" Results 
20 OBS A Fold Anfcigen Dilution Change in Intensity* 

2 0.000 0.006 

2 5,000 0.339 

2 10,000 0.154 

2 20,000 0.059 

25 2 40,000 0.023 

2 80,000 0.013 

2 160,000 0.011 

A Number of observations made . 

♦Change in intensity is actual intensity minus background 
3 0 intensity recorded with the Comparison Ellipsometer. 
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Table 15b 
EL ISA Results 





Dilution 


Optical 


Densitv Readincrs at 


450 


nM 






1 


2 


3 


4 




5 


0 


0 


0.013 


0 . 003 








1:160, 000 


0 


0 


0 .008 


0 . 


015 




1:80,000 


0. 006 


0.036 


0.037 


0. 


045 




1:40, 000 


0.006 


0. 005 


0 .027 


0 . 


001 




1 :20, 000 


0.015 


0.012 


0.012 


0. 


041 


10 


1 :10, 000 


0.030 


0.043 


0.068 


0. 


053 




1 :5, 000 


0. 081 


0.085 


0.097 


0. 


123 




1:5,000 


0. 063 


0.064 


0.094 


0. 


088 



EXAMPLE 17: Latex and Catalyticallv Enhanced Assays 

An enzyme-labeled assay was used to detect antigen 

15 from Streptococcus A and compared on the same silicon 
wafer with an assay using the amide modified surface 
activator latex, 0.161/xm (Rhone - Poulenc ) . 

Both techniques are more sensitive than a commer- 
cially available (Wellcome Diagnostics) latex agglutina- 

20 tion technique which has a cut-off at a 1:80 dilution of 
antigen. A direct instrumented comparison of the two 
techniques is presented below in Table 16. The mVolt 
readings given are a function of a change in light inten- 
sity recorded with the modified Sagax Comparison 

25 Ellipsometer . 



Fold Antigen Dilution 
0 

1:320 

30 1:160 
1:80 
1:40 
1:20 
1:10 



Table 16 
mVolts/Latex 
3.0 
32.0 
63.0 
113 .0 
195.0 
316 . 0 
428.0 



mVolts /Enzvme 
11.0 
203.0 
290.0 
272.0 
194 . 0 
168 . 0 
258.0 
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EXAMPLE I B -. Multiple Analyte Protocol 

Test surfaces and conjugated antibody preparations 
were produced as described in Example 16 for each of the 
following organisms, N. meningitidis, H. influenza Group 
5 B , Streptococcus pneumoniae, Streptococcus Group B, and E. 
coli Kl. The test device was designed to accommodate 
these five test surfaces which were mounted onto the 
elevated platforms within the device (see, Figs. 9 and 
11) . A fixed volume of individual conjugate preparation 
10 for each of the following organisms, N. meningitidis, H. 
influenza Group B, Streptococcus pneumoniae, Streptococcus 
Group B, and E. coli Kl was prepared. 

Equal volumes (75 nD of a cerebral spinal fluid 
(CSF) sample and this conjugate preparation were mixed 
15 before pipetting one drop (approximately 25 fil) onto each 
of the five antibody coated test surfaces. The CSF 
samples were prepared with known levels and known combi- 
nations of antigens derived from the test organisms, as 
described in Example 16. Samples were incubated for 2 
20 minutes, after which the test wafers were washed with 
deionized water and blotted dry. Substrate (TMB precipi- 
tating reagent) was added to each surface and incubated 
for 5 minutes. The wafers were washed with deionized 
water, blotted dry, and read. In this manner, a single 
25 sample was easily analyzed for the presence of one or more 
analytes. This poly- specif ic reagent maintained the 
specificity observed with the mono-specific reagents. No 
false positive responses were observed, and positive 
responses were comparable to the signal produced in a 
3 0 mono- specif ic test procedure. 

F.XAMPIiE 19 ; Strep A Ass ay Device 

The details of formation of the device shown in Figs. 
8A-8G is now provided. Monocrystalline silicon wafers, 
100 mm in diameter, polished on one side, 20 mil ± 2 mil 
35 were purchased from a semi-conductor supplier. The wafers 
were coated with 495A ± ISA silicon nitride or titanium 
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dioxide using processes described above. Each wafer was 
sawed to a depth of 3.5 mils generating a pattern of 0.75 
cm 2 sections. This allows the wafers to remain intact for 
subsequent processing. The wafers were then coated with 
5 the T-polymer siloxane as described in Example 5. A final 
polymer thickness of 100A ± sA is used. Polymer coated 
wafers are cured for 24 ± 2 hours at 145°C ± 5°C. 

Polymer coated wafers were submerged in a solution 
containing 5 /xg/ml of an affinity purified rabbit anti- 

10 Strep A antibody in 0.1 M HEPES <N- [2 -Hydroxyethyl] 
piperazine-N ' - [2 -ethanesulf onic acid]) at pH 8.0. Wafers 
were coated with the antibody solution for 16*20 hours at 
2°C - 8°C. The wafers were rinsed with deionized water 
and then dried under a stream of nitrogen. A procedural 

15 control was applied to the center of each 0.75 cm 2 using an 
x,y translational stage. A 1-2 fxl spot was applied and 
incubated for 3 minutes at ambient temperature. (20°C) . 
The concentration of antigen used was empirically deter- 
mined to provide an intermediate color change. Antigen 

20 was mixed in deionized water. The antigen solution was 
rinsed from the surface with deionized water and then 
dried under a stream of nitrogen. The wafers were then 
submerged in a solution containing 0.5% of degraded 
gelatin in 50 mM MOPS (3 - [N-Morpholino] propanesulf onic 

25 acid), pH 7 . 0 for 20 minutes at ambient temperature. The 
wafers were removed from the solution and dried under a 
stream of nitrogen. The gelatin layer serves to stabilize 
the antibody coating, and aids in storage of the device. 
The wafers are purple in color. The gelatin layer was 

30 fully hydrated by exposure of the wafers to steam for 30 
seconds. The wafers were then air dried. The wafers will 
return to the original gold color. The wafers were then 
broken into individual 0.75 cm 2 test pieces. 

Referring to Figs. 8A-8G, the molded test device has 

35 the pre-cut absorbent pad placed in the bottom and the 
protective cover snapped into place. The upper laminate 
of blotting materials was placed in the lid of the device 
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and the protective cover snapped into place. A small drop 
of epoxy is .applied to the raised pedestal in the center 
of the device and a test surface applied. The glue was 
allowed to set, and then the device is closed and placed 

5 in the kit. 

The antibody preparation used to coat the surface, or 
a separate antibody preparation, was conjugated to HRP 
using standard periodate chemistries described by Nakane. 
The exact dilution of conjugated antibody used in the mass 
10 enhancement reagent will depend on the level of HRP incor- 
poration and the affinity and avidity of the antibody 
preparation used. The conjugate preparation was diluted 
in a solution containing 50 mM MOPSO (3- [N-Morpholino] -2- 
hydroxypropanesulfonic acid), pH 7.0, 20 mg/ml of standard 
15 alkaline treated casein, 0.3% (v/v) Tween 20, and 0.5% 
(v/v) Proclin 300 (Rohm and Haas) . Conjugate solution was 
dispensed into Wheaton Natural polyethylene dropper 
bottles. Delivered drop size was approximately 30 /il . 
All other reagents were also dispensed into the Wheaton 
20 Natural dropper bottles. 

Extraction tubes were prepared by dispensing 100 nl 
of a solution containing 2.3 M NaNO z and 0.01% isopropanol 
into polyethylene tubes and allowing the solution to dry 
onto the tube. This may be accomplished by drying at 
25 ambient temperature, under circulating air, or at 45°C. 
The reagent composition was as follows: 
Reagent_ftl: 0.25 M Acetic Acid with 0.035 mg/1 

bromcresol green 
Reagent #2 : 1.5 M MOPSO , pH = 7.3. with 0.2% (v/v) 

30 Tween 20, 0.5% (v/v) Proclin 300, and 20 mM 

EDTA. 

Bsaaent #3 : Conjugate. 

Reagent_^4: Deionized water containing 0.1% Proclin 
300 . 

35 R^aaent #5 : Commercial preparation of precipitating 

TMB. 
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The test procedure for use of this device was as 
follows . 

1. Remove reagent (s) from refrigerated storage and allow 
to warm to room temperature. 
5 2. Remove an extraction tube containing dry reagent from 
the kit and place it upright in a rack or holder. 

3. Label extraction tubes and test devices with 
appropriate patient information. 

Place test devices on a level surface while the assay 
10 is being performed. 

4. Add 3 drops of Reagent 1 into the extraction tube and 
shake it gently to dissolve the dry reagent in the 
bottom. The liquid should become light green in 
color when dissolved and properly mixed. Color 

15 change in the extraction tubes may not be evident 

with bloody specimens, however assay performance is 
not affected. 

5. Within 1 minute, place a throat swab containing a 
specimen or positive control into the tube. Press 

20 . the swab against the sides of the tube while rolling 

the swab so that the liquid is moved in and out of 
the fiber tip. Allow the swab to incubate in the 
extraction solution for a minimum of 2 minutes. 

6. Hold the swab shaft to the side and add 3 drops of 
25 Reagent 2 directly into the extraction tube. Use the 

swab to mix the reagent with the extract until the 
solution color changes from green to blue. 

7. Separate the extraction solution from the swab by 
rolling the swab against the wall of the extraction 

3 0 tube while squeezing the sides of the tube as the 

swab is withdrawn. Discard the swab and retain the 
contents of the tube. Retain as much fluid from the 
swab as possible. 

8. Add 1 drop of Reagent 3 to the extract and mix 
35 thoroughly. Do not let stand more than 30 minutes. 

9. Use a clean transfer pipette to transfer 1 drop of 
the solution directly onto the center of the surface 
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of the corresponding test device. Do not cover the 
entire surface of the test device. 
10. Incubate the drop on the test surface for 2 to 5 
minutes . 

5 11. A vigorous wash of 1-2 second duration is important. 

Rinse the surface of the device using Reagent 4 wash 
solution with care not to exceed the capacity of the 
absorbent material surrounding the device. 

12. Confirm that the blotting device is in position #1. 
10 Close the lid of the device momentarily to remove 

residual moisture from the surface. Blot with a 
clean surface each time blotting is necessary. 
Blotter should be in position I when blotting for the 
first time. If in position II, move to position I 
15 for the second blot. Repeated blotting in the same 

position may compromise test results. 

13. Open the lid and apply 1 drop of Reagent 5 directly 
onto the center of the surface of the test device and 
incubate for 4 to 10 minutes. If placement of the 

20 first drop was not directly onto the center of the 

device, place the Reagent 5 drop directly over the 
area of the first drop. 

14. Vigorously rinse the surface of the device for 1-2 
seconds using Reagent 4 wash solution. 

25 15. Move the blotter in the top of the device to position 
#2 and close the lid of the device momentarily to 
remove residual moisture from the surface. Open the 
lid and examine the test surface for a color change. 
POSITIVE RESULT: 
3 0 Solid blue /purple colored reaction 
circle of any intensity appears in 
the center of the device surface. 
NEGATIVE RESULT: 

No blue /purple colored reaction circle of any 
35 intensity appears on the test surface. 

A Procedure control is present on each test surface. 
It appears as a small blue/purple dot in the center of the 
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test surface upon completion of each positive or negative 
test. A negative test result will show only the procedure 
control. A positive test result will show the procedure 
control within the reaction circle. With very strong 
5 positive results/ the procedure control may be less 
apparent within the reaction circle . 

If the procedure control does not appear, the 
procedure can be repeated following the instructions. The 
reacted test surface and the color change associated with 

10 a positive reaction will not deteriorate over time. 
Therefore, the test device may be considered a permanent 
record. If a test device is to be saved for reference, 
the blotting material in the lid should be removed and 
disposed of in a biohazard container, and the device 

15 should be closed for storage. 

EXAMPLE 20; Sensitivity of OIA Device 

The analytical sensitivity of Strep A OIA was com- 
pared with commercially available Strep A kits using a 
cell suspension of a known density and extracting an 

20 aliquot of this suspension according to each kit 1 s assay 
protocol. Streptococcus pyogenes, Lancefield group A, was 
obtained from the American Type Culture Collection (ATCC 
#12344) as primary culture on a slant tube. Cell suspen- 
sions were made sterile normal saline and serially diluted 

25 with the normal saline. Results from the study demon- 
strate at least a 10-100 fold greater sensitivity in the 
OIA device of this invention compared to at least six 
commercially available test kits. 

Table 17 compares the clinical sensitivity of the 

3 0 Strep A OIA to the product insert claims of several 
commercially available rapid Strep A assays. The majority 
of these rapid assays discard all samples with Strep A 
colony counts of less than 20, however, in the numbers 
presented for the Strep A OIA assays none of the samples 

35 were discounted. Strep A OIA demonstrates a significant 
improvement in sensitivity relative to these rapid tests. 
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Swabs were collected from patients presenting 
symptoms of pharyngitis using a single swab and standard 
specimen collection techniques. Four independent labora- 
tories were used in the study. Immediately after the 
5 specimen was collected, the swab was returned to the 
transport tube and the capsule containing transport media 
crushed. Each site inoculated a 5% Sheep blood agar (SBA) 
plate with a specimen and plates were then incubated at 
35°C - 37°C. Two of four sites incubated the plates under 

10 anaerobic conditions for 24 to 48 hours and two sites 
incubated the plates in an enriched C0 2 environment. Each 
site reported results as negative or positive with 
positives confirmed by a serotyping method. 

After inoculation, the swab was returned to the 

15 transport tubes and assayed following the Strep A OIA test 
procedure. Three drops of acid generating solution were 
added to extraction tubes and mixed well to dissolve a 
dried reagent. The swabs were placed in the extraction 
tube, thoroughly saturated with extraction reagents, and 

2 0 allowed to incubate for 2 minutes in the solution. Three 

drops of neutralizing solution were added to the extrac- 
tion tubes and the swabs were used to mix the reagents. 
The extracted swabs were expressed against the side of the 
tube, then discarded. This extraction technique is common 
25 to most rapid GAS tests and liberates GAS antigen from the 
bacterium. 

One drop of catalyst was added to the extract and 
mixed thoroughly. A drop of this solution was applied to 
the center of the test piece (Figs. 8A-8G) . Samples were 

3 0 incubated on the test surface for 2 minutes, then the test 

surface was rinsed with water and blotted dry by closing 
the lid. A drop of mass enhancer was applied to the 
center of the test surface and incubated for 4 minutes. 
The surface was again rinsed with water and blotted as 
35 before. The test results were determined without 
knowledge of the culture results. 
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An enhanced culture method was designed to confirm 
the presence of bacteria. In this method, the pledgets 
(plugs separating transport media and swab) were removed 
from all transport tubes, placed in Todd-Hewitt broth and 
incubated for 24-48 hours at 35°C-37°C. If growth pat- 
terns consistent with the bacteria were observed, colonies 
were selected, re-isolated if necessary, and confirmed 
using a commercially available Streptococcus serotyping 
kit. 

In a clinical study a total of 778 samples from four 
sites were examined. The SBA culture method determined 70 
specimens to be positive, 4 of these specimens were deter- 
mined to be negative relative to the enhanced culture 
method. The enhanced culture method determined that 92 
15 specimens were positive. The sensitivity of SBA culture 
was 71.7% relative to the enhanced culture method for the 
frequency and population tested. These data support 
previous literature results showing conventional SBA 
culturing methods to be less sensitive than enhanced 
20 culture methods. Therefore, the consideration of conven- 
tional SBA culture methods as the "gold standard" should 
be re -evaluated. 

OIA results were evaluated relative to both SBA 
culture and enhanced culture methods. The Strep A OIA 
25 yielded a sensitivity of 92.9%, a specificity of 94.8%, 
and an accuracy of 94.6% relative to the SBA culture, for 
the frequency and population tested. Strep A OIA appears 
to lack specificity relative to the SBA culture methods. 
However, the actual limitation lies in the SBA culture 
30 technique as 26 of the apparent Strep A OIA false 
positives were, in fact, true positives. The sensitivity 
of the Strep A OIA relative to culture appears to be 
reduced because of 4 SBA positive results which were Strep 
A OIA negative. These results were later determined to be 
35 culture non- isolates ' by the enhanced culture method. 
Strep A OIA detected 91 out of 92 enhanced culture posi- 
tives yielding a sensitivity of 98.9%. It is important to 
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note that the performance results include all data 
collected, irrespective of colony count. 

EXAMPLE 21: Instrument Reading Protocols 
1) Photodiode Modified Comparison Ellipsometer 
5 The Comparison ellipsometer was modified as previ- 

ously described above. The eyepiece was connected to a 
CCD camera to allow samples to be centered in the ellipt- 
ical reticle. The zoom was adjusted so that the sample 
spot is completely enclosed in the ellipse. 

10 The test strip used in the assay was 1 cm wide and 4- 

5 cm in length. These dimensions are easy to handle 
manually. Any dimension of test piece may be used with 
the proper design of sample positioning devices. Samples 
were applied as 2 0 /xl drops evenly spaced along the length 

15 of the slide. One section was left for measurement of the 
test surface background. Samples were assayed as 
described in the previous examples. 

The test strip was placed on the instrument ' s sample 
platform and the background section of the surface was 

20 centered in the ellipse. The sample platform has x,y 
positioning capabilities. Once the test surface was posi- 
tioned, the background reading was taken at the photo- 
diode. An LED displays the background intensity of the 
background section in volts. Computer software may also 

25 be designed to record the background intensity. After 
this measurement was complete, the platform was advanced 
to record a reading from a negative sample. The voltage 
was recorded directly, or may be recorded as sample minus 
background. The platform was advanced until all samples 

3 0 were measured. 

The instrumented read out may provide a qualitative 
answer of yes or no relative to a pre-set signal. The 
assay would include a negative control and a low positive, 
or cut-off concentration and objectively evaluate samples 

35 relative to this threshold value. 
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If the assay is quantitative, the test surface or 
test device will allow measurement of a negative control 
and one or more known positive controls. Samples values 
will be compared to this curve for quantitation. Positive 
5 controls may cover several broad ranges if a semi- 
quantitative answer is adequate for the application being 
considered. 

Mnnnrhrnmatic T.iaht So w rra . Comparison EU ipsometer 

This Instrument has a smaller optical path due to the 
10 use of a light source that is collimated, a smaller refer- 
ence surface, a smaller sample platform, polarizers 
positioned immediately next to the light source and the 
detector, and eliminating the lens system required for 
visual examination of the surface. 
15 The reading protocol for this particular instrument 

accommodates five separate samples or four controls and 
one sample or two controls and three samples, etc. The 
sample slide is connected to a rotating post which con- 
trols the slides position. Alignment is not achieved by 
20 visual placement, but by sample placement on the test 
surface and the platform advancement. Any arrangement of 
the test surface may be used by modifying the x,y posi- 
tioning platform. This allows the use of a test surface 
which can examine a large number of samples. 
25 This instrument uses a photodiode detector which is 

masked to match a fixed sample size and the slide posi- 
tioning and sample application allows the sample spot to 
fill the mask. Readings are made from an LED display in 
the cover of the instrument. Readings are in millivolts. 

30 EXAMPLE 22: Group B S l-re>ptococcus 

An optically active test surface was produced by 
immobilizing either a polyclonal or monoclonal anti-GBS 
antibody on the previously described siloxane coated 
surface. The antibodies were group specific, but may be 

35 to any of the group specific epitopes found on the GBS 
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polysaccharide. The polyclonal preparations used were a 
protein G purified IgG fraction that was adsorbed to whole 
cells. The coating antibody concentration was in the 
range of 150 to 500 /xg of antibody per 100 mm wafer, and 
5 was coated at 2 - 8 degrees C for 12 to 16 hours. The 100 
mm wafer may or may not possess a 495 A silicon nitride. 
In particular, a monoclonal antibody was found to coat 
best at 200 - 300 fig/ wafer in a buffer containing 50 mM 
Sodium Acetate at pH 5.0. A polyclonal antibody was found 

10 to coat the surface equally well but in a buffer contain- 
ing 0.1 M HEPES , pH 8.0. Buffers covering the pH range of 
5.0 to 9.0 have been demonstrated to provide an effective 
antibody coating. Once the antibody was immobilized on 
the test surface, an overcoat of 0.5% degraded gelatin in 

15 50 Mm MOPS, Ph 7.0 is applied as previously described. 
Antibody coated test surfaces were placed in single test 
devices prior to use. 

For mass enhancement of the GBS assay, a group 
specific polyclonal antibody preparation was conjugated to 

20 HRP using the Nakane periodate method. Conjugation of the 
antibody to HRP at high Ph, greater than 9.75, resulted in 
an increase in non-specific binding. Optimal conjugating 
Ph was established at 9.0 to 9.75. 

The GBS group specific antigen was extracted from the 

25 organism using an acid extraction protocol. A mixture of 
0.25 M acetic acid and 2.3 M sodium nitrite was used to 
generate hyponitrous acid. The acetic acid was found to 
effectively extract the GBS antigen in the range of 0 . 1 M 
to 1.0 M. Antigen was extracted from the organism for 2 

3 0 minutes. For all results described here, ATCC strain 
number 123 86 was used. The solution was neutralized using 
an buffer containing 1.5 M MOPSO, Ph 7.3, 0.2 % Tween20, 
0.5% Proclin300, and 20 Mm EGTA by adding an equal volume 
of the neutralizing buffer. A final Ph range of 6.0 to 

35 7.5 is desired. 

The extracted antigen was mixed 5:1 (sample: 
conjugate) with a 1:150 dilution of the conjugate prepara- 
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tion containing 50 Mm MOPSO, Ph 7.0, 20 mg/ml alkaline 
treated casein, 0.3% Tween20, and 0.5% Proclin300. A 
sample -.conjugate ratio of between 3:1 and 10:1 was 
acceptable. The sample/conjugate mixture was incubated 
for 5 minutes at room temperature, then 20 /tl of the 
mixture applied to the test device and incubated for 5 
minutes at room temperature. The devices were used as 
previously described for washing and drying the test 
surface. After the test surface was dried, a drop of TMB 
precipitating substrate was applied to the device and 
incubated for 5 minutes at room temperature. After the 
wash/dry protocol was completed, the test result was 
interpreted. When instrumented results are desired, the 
wash dry protocol is accomplished by rinsing the test 
15 surface under a stream of deionized water and drying under 
a stream of nitrogen. The initial incubation of sample/ 
conjugate was not required but was observed to increase 
the sensitivity of the assay. Assay sensitivity could be 
further increased with additional incubation time. 
20 The current GBS assay demonstrated excellent 

tolerance to changes in the final extraction Ph. The 
visualization of a low positive was not effected by a 
change in Ph over the range 6.75 to 8.0, see Table 19. A 
visual scale was established for scoring results, wherein 
a 1+ or 2+ was a very weak purple spot on a gold back- 
ground. A value of 10+ is a very strong blue result. 



25 



Table 18 

CVP.S Sensitivity as a Funct ion of Assay Time 
sensitivity* Total Assay Time" 

30 3 x 10 6 5 C 

3 x 10 4 10" 
3 x 10 3 15 e 
a Sensitivity is expressed in the number of cells/swab. 
b Time is in minutes. 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



144 

c Incubation times were 1 minute for sample/conjugate; 2 
minutes for the sample on the surface; and 2 minutes for 
substrate . 

d Incubation times were 5 minutes each for the sample on 
5 the test surface and substrate, 

e Incubation times were 5 minutes each for the 
sample/conjugate, sample on the surface, and substrate. 

Table 19 

GBS DETECTION AS A FUNCTION OF THE FINAL ASSAY dH 

10 Cells PH6.75 pH7 , 0 PH7.25 pH7 . 5 oH7 , 75 PH8 , 0 

3xl0 6 10+ 10+. 10+ 10+ 10+ 10+ 

3x10 s 7+ 7+ 7+ 7+ 7+ 7+ 

3xl0 4 2+ 2+ 2+ 2+ 2+ 2 + 

0 ----- - 

15 EXAMPLE 23 : Chlamydia Detection 

An optically active test surface, with or without the 
495 A silicon nitride coating, was coated with the poly- 
meric siloxane, T-polymer, as previously described. These 
polymeric coated supports were further coated with a 

20 solution of between 1 and 10 fig /ml of bovine serum albumin 
(BSA) in 100 Mm sodium carbonate, Ph 9.6, at 2 - B degrees 
C for 12 to 16 hours. Subsequently, the test surface was 
coated with 0.5% degraded gelatin in 50 Mm MOPS, Ph 7.0, 
at room temperature for 20 minutes and then dried under a 

25 stream of nitrogen. Coated test surfaces were mounted 
into the single use test devices previously described. 

The Chlamydia specific LPS antigen was extracted from 
the synthetic fiber swab used for sample collection by 
immersing the swab in a solution (approximately 120 /xl) of 

30 0.01 M PBS with 0.1% (w/v) chenodeoxycholic acid (CDOC) , 
sodium salt, which had been alkalized with 10 fil in 1 ml 
of buffer of 1 . 0 N NaOH to a final Ph of 11.5. Initially 
the CDOC was solubilized in absolute methanol at 0.2 g/ml . 
The swab was ideally vortexed in this solution for approx- 

35 imately 10 seconds and then incubated for 5 minutes at 
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room temperature. The swab was then expressed of residual 
solution by squeezing the flexible extraction tube (poly- 
propylene) . An equal volume of 100 Mm Na 2 HP0 4 with 0.1% 
CDOC at Ph 7.0 was added to adjust the final pH to between 

5 7.0 to 7.5. 

A mass enhancement reagent was prepared by conjugat- 
ing an anti-Chlamydial LPS antibody to HRP using the 
method of Nakane. The stock conjugate was diluted 1:75 to 
1:200 in a diluent containing 50 mM MOPSO, pH 7.0, with 20 
10 mg/ml of alkaline treated casein, 0.3% tween20, and 0.5% 
Proclin500 . 

Approximately 30 /xl of the extracted sample was put 
onto the BSA/polymeric siloxane test surface and incubated 
from 5 to 10 minutes at room temperature. Then approxi- 

15 mately 30 til of an anti-Chlamydial LPS antibody conjugated 
to HRP was added to the sample spot on the test surface 
and incubated for 1 to 5 minutes at room temperature. The 
test surface was washed with 1 to 2 ml of water and dried 
in the device as previously described. Approximately 30 

20 fil of the TMB precipitating substrate was applied to the 
surface and incubated for 10 to 15 minutes at room temper- 
ature. The test device was washed and dried as previously 
described. 

Alternatively, an antigen preparation was serially 
25 diluted from 1:100 to 1:320 in 0.01M PBS, pH 7.4. Three 
fold serial dilutions were performed. Five (il of these 
dilutions were added to 500 til of 0.1% chenodeoxycholic 
acid in 0.01M PBS with 10 mM NaOH (final pH was 11.5). 
These were vortexed and allowed to sit for 5 minutes at 
30 room temperature. Five hundred /xl of 100 mM phosphate 
buffer (mono and di basic mix) was added to neutralize the 
extraction buffer and 15 fil of this added to the wafer 
surface. This was incubated on the surface for 10 minutes 
at room temperature. A 15 nl aliquot of a 1:75 dilution 
35 of an anti-LPS antibody-HRP conjugate was added directly 
to the antigen spot on the surface and incubated at room 
temperature for the designated time. The wafer was washed 
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with deionized water and blown dry under a stream of 
nitrogen. Substrate (30/il) was applied to the antigen/ 
conjugate spot and incubated for the designated time. The 
wafer was washed and dried as before and the intensity of 
captured antigen recorded with the photodiode modified 
Comparison Ellipsometer . The data was corrected for 
background. Readings are in millivolts are the average 
value for 2 readings, see Table 20. Table 2 0 demonstrates 
the effect of increased incubation times on the 
sensitivity of the assay. 

Table 20 
Incubation Times (minutes) 



SURFACE CONJUGATE SUBSTRATE 

5 5 10 



10 5 15 



ANTIGEN 

DILUTION mV VISUAL 

0 12.4 

1:320 52.5 1+ 

1:160 86.0 1+ 

1:40 109.5 3 + 

1:20 708.0 5+ 

0 -6.3 

1:320 181.5 2+ 

1:160 172.9 2+ 

1:40 861.1 5+ 

1:20 1601.4 10+ 



EXAMPLE 24: Human Anti-HIV Detection 

A silicon wafer, 100 mm diameter, was coated with 
polybutadiene (PBD) as previously described. The PBD 
coated optical test surface was coated with 20 fig/ml of a 

20 synthetic peptide corresponding to GP41 of the HIV virus 
which was conjugated to bovine serum albumin (BSA) . This 
antigen preparation was diluted in 10 mM Potassium 
Phosphate, 0.85% NaCl, at pH 7.0, and the test surface was 
coated with the antigen for 2 to 3 hours at room tempera- 

25 ture with agitation. The test surface was removed from 
the coating solution, rinsed with deionized water, and 
dried under a stream of nitrogen. The gp41 protein is 
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very hydrophobic and binds well to the hydrophobic PBD 
surface . 

A series of seronegative and seropositive human serum 
samples were used to test the GP41/BSA coated surface. 
5 Five microliter samples of serum were applied to the test 
surface and incubated for 15 minutes at room temperature. 
Antibody capture on the antigen surface was measured using 
the Comparison ellipsometer modified with a CCD camera. 
Results were reported in Grayscale units. 

10 Table 21 

Host AntiHoHv Capt ure on a cm 41 Surface 
^rnno.itiv^ Grayscale Seronegative S^rum Grayscale 

93.07 8 ' 83 
43.53 3 ' 65 
15 48.64 5 ' 51 

60.29 7 ' 64 
65.36 3 ' 62 

The average value reported for a seronegative serum 
was 5.85 ± 2.1 grayscale units making any value of 12.15 
20 grayscale units ( negative + 3 standard deviations) a posi- 
tive response. The varying level of grayscale reported 
for the seropositive samples reflects varying antibody 
titers . 

A recombinant antigen preparation which was a fusion 
25 of gp41 and P 24 of the HIV virus was also evaluated as a 
coating material for the optical test surfaces of this 
invention. A 100 mm diameter silicon wafer was coated 
with PEI as previously described. This optical test 
surface was submerged in a coating solution containing 2.5 
30 fig/ml of the fusion protein in 50 mM sodium carbonate, pH 
8.0 and incubated for 3 hours at room temperature. The 
optical test surface was then rinsed with deionized water 
and dried under a stream of nitrogen. The optical test 
surface was tested for response to serum controls: nega- 
35 tive, low, medium, and a high positive anti-HIV. Five 
crol iters of each serum sample was applied to the 
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peptide of RSV was conjugated to HRP. The stock conjugate 
was diluted 1:30 to 1:250 in a solution containing 50 xtiM 
MOPSO, P H 7.0, and 20 mg/ml alkaline treated casein, 0.3% 
Tween20, and 0.5% Proclin300. 
5 An alternate assay protocol involved thoroughly 

mixing 30 ^ of a nasal washing with 30 fil of 10% Tween20 
in PBS and 30 ill of a 1:40 dilution of the conjugate. A 
30 Ml aliquot of this sample was applied to the test 
surface and incubated for 12 minutes at room temperature. 
10 The rinse and drying protocols described for the single 
use test device were used. TMB precipitating substrate 
was applied to the surface, incubated for 8 minutes at 
room temperature, rinsed, and dried prior to 
interpretation . 

15 Table 23 

p.gy flt-.andard Curve 



20 



25 



30 



■c»^n1 A "Pi-? 1 nt- -i rvn 


F.1 1 ipsometric Intensitv 


(mV) 


Visual 


0 




0.0020 






1:1280 




0,0244 






1:640 




0.0256 




+ 


1:320 




0.0356 




1+ 


1:160 




0.0694 




2 + 


1:80 




0.0578 




2 + 


1:40 




0.1198 




3 + 


1:20 




0.2236 




4 + 


1:10 




0.5235 




5 + 


1:5 




0.8833 






An UV inactivated antigen preparation 


from 


the Long 


Strain of 


RSV 


was purchased and contained ; 


a total of 2 x 


10 5 PFU. 


This 


antigen preparation was diluted in buffer, 



1:1, and assayed as described above. 15 M l of each sample 
was applied to the surface and represented 7.5% of the 
total antigen available. 
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Antigen Cone. 
0 

1 x 10 5 

1 x 10 4 

2 x 10 3 



Table 24 
RSV Standard Curve 

Ellipsometric Intensity (mV) 
0.0079 
1.0221 
0 .3124 
0.0466 



EXAMPLE 26: Wavelength Dependence For A Thin Film 
Analyzer 

10 Lundstrom, et al . , US 4,521,522, describe an 

instrument in which an incoming light beam passes through 
a polarizer and is reflected off the film at Brewster's 
angle for the substance to be measured. The incident 
radiation is polarized parallel to the plane and angle of 

15 incidence. The instrument requires the use of only one 
polarizer, however, when a second polarizer is used it 
must be set to exactly 90° relative to the first polar- 
izer. A single polarizer is all that is required as there 
is no change in the polarization of the incident light 

20 upon reflection. For this polarization there is no change 
in the polarization for any incidence angle, demonstrated 
by the fact that the polarizer may be situated in either 
the incident or reflected beams. Only that part of both 
the light incident on the sample and the reflected light 

25 which is polarized parallel to the plane of incidence is 
measured. 

The method is based on the minimum in reflectance 
observed at this angle when light polarized parallel to 
the plane of incidence is incident on the interface 

3 0 between dielectric media. This phenomena is only observed 
at Brewster's angle. A substrate with a high refractive 
index is required. A metal, which is highly reflective, 
but has a low refractive index has too shallow a 
reflection minimum for this technique. 

35 For better signal resolution of small thickness 

changes, the above method requires a layer of oxide over 
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the substrate to shift the minimum reading to an accept- 
able position in the reflection curve observed for polar- 
ized light, allowing a small thickness change to produce 
a larger change in the reflected light intensity. When an 
5 attachment layer is included, it is included for optimiza- 
tion of the substrate relative to the reflectance minimum, 
and not to increase performance of the receptive material. 

With the pure parallel polarized light (p-polarized) 
described by Lundstrom a very minor change in the % 
10 reflectivity is observed with analyte binding; there is no 
change in the polarization of the light. In the current 
invention, in addition to the p - polarized light, there 
are also components of perpendicularly polarized light (s- 
polarized) in the incident light beam. Very large changes 
15 in rotation of the polarized light are observed upon 
interaction with thin films and these changes in the 
polarization rotation are measured as well as any change 

in intensity. 

For very large angles of incident light, using the 

20 current invention, some degree of ellipticity can be 
generated in the light reflected from the test surface. 
The current invention maximizes a change in polarization 
rotation upon reflection with added mass, and is not 
associated with a minimum in reflectivity. The rotation 

25 of polarization upon reflection observed with the current 
invention is entirely absent for pure parallel polarized 
light. An additional advantage of the current invention 
is that nearly any substrate and dielectric thin film may 
be used, since it does not rely on the Brewster angle. 

3 0 Also the angle of incident light is not critical and does 
not have to be changed with the type of substrate 
material . 

The current invention uses a monochromatic, colli- 
mated, light source such as a laser. It also includes a 
3 5 polarizer between the light source and the test surface 
oriented such that both p- and s -polarized components are 
incident on the surface. If the light source is suffi- 
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ciently well polarized this polarizer is unnecessary. The 
light reflected from the surface passes through a second 
polarizer (the analyzer) and enters a photodiode. The 
fraction of s-polarized light is selected to maximize the 
5 signal change as a function of thickness while maintaining 
a low background light intensity. The light becomes 
elliptically polarized upon reflection, with the elliptic- 
ity and angle of rotation of polarization depending in a 
very sensitive manner on the optical properties of the 

10 surface. In a comparison ellipsometer , such as described 
in U.S. Patents 4,332,476, 4,665,595, and 4,647,207, the 
light is then reflected off a reference surface which 
cancels that ellipticity in regions where the reference 
surface is optically identical to the sample surface. The 

15 current invention does not require a reference surface 
because it is not designed to establish the exact physical 
thickness or refractive index of a given material. 
Instead, the intensity of the light passed through the 
analyzer provides a measure of the polarization rotation 

20 concomitant with the ellipticity, and hence a relative 
measure of optical properties of the surface. Thus, it 
provides a simple means to measure the change in the 
thickness and refractive index of the surface materials. 

The measurement protocol is essentially unmodified 

25 from the instrument above using x, y positioning platforms 
to determine where readings are made. However, the analyz- 
ing polarizer must be rotated to a pre-selected value for 
the background prior to making an initial reading. The 
preferred embodiment includes a polarizer near the ana- 

30 lyzer. Light is transmitted through the analyzer to a 
detector. Readings may be recorded in volts or milli- 
volts. Readings may be displayed on an LED or other 
display device or captured by a data processing package. 

The impact of thin films on the lightness and 

35 wavelength dependence of light reflected from silicon was 
modeled with a computer simulation. The response of a 
thin film with a refractive index of 1.459 was modeled 
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using a silicon surface and varying the thickness from 0 
to 12 nm. The wavelength ranges examined were 400 - 420 
nm, 540 - 560 nm, and 680 - 700 nm. An increase in light- 
ness from the minimum lightness to the maximum lightness 
represents an increase in light intensity as a function of 
an increase in thickness. The lightness is a logarithm 
function of light intensity. From this data, the maximum 
sensitivity change as a function of thickness was achieved 
with a 540 - 560 nm light source. These data were gener- 
ated using a 70° angle of incidence and the values will 
change slightly with the angle of incidence. 



Table 25 

Wavelength M-in. T.iahtness Max. Lightness Chanqe 

400 - 420 "6.5 "4.5 -2.0 

15 540 - 560 "4.2 -1-7 "2.5 

680 - 700 -6.0 "4.3 -1.7 

To confirm these observations, a standard antigen 
dilution curve was generated using the 9 minute assay 
protocol described in example 28. Intensities from the 

20 antigen dilution curve were measured, using the photodiode 
modified Comparison Ellipsometer , as a function of inci- 
dent light wavelength. As the Thin Film Analyzer is a 
simplification of the Comparison Ellipsometer similar 
results are anticipated. Varying wavelengths of incident 

25 light were achieved by filtering white light through a 
narrow bandpass filter to select specific wavelengths. 
All filters were Corin P70 series filters. 
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Table 2 6 





Incident Liaht 


Antiaen Dilution 


mV Response 




White 


0 


310 






1:9600 


317 


5 




1 : 4800 


319 






1 : 2400 


371 






1 : 1600 


483 






1:1000 


780 






1 :400 


1128 


10 


550 nm 


0 


28 






1:9600 


29 






1 :4800 


30 






1:2400 


36 






1:1600 


56 


15 




1 :1000 


93 






1 :400 


176 




600 nm 


0 


33 






1:9600 


33 






1 :4800 


34 


20 




1 :2400 


42 






1 :1600 


66 






1 :1000 


113 






1:400 


221 




4 50 nm 


0 


9 


25 




1:9600 


9 






1:4800 


9 






1:2400 


11 






1:1600 


17 






1:1000 


27 


30 




1:400 


50 
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f.vrmpt.k 27: Thin Film Analy ^r Angle Dependence 

The thin film analyzer shown in Fig. 14a was used 
with a 672 nm diode light source and the dual polarizer 
set-up diagrammed. The laser diode and photodiode were 
5 both mounted to accurately assess the angle of incidence 
and detection relative to a normal angle of incidence. 
Strep A antigen dilution curves were used to examine the 
angle dependence of the analyzer. The detector used with 
the thin film analyzer prematurely saturates, actual 
10 dynamic range is 3500+ mV. For a reference, the antigen 
curves were also examined with a small comparison ellip- 
someter also equipped with a 672 nm laser diode source. 

Table 27 

Pnitiparison F.llipsometer R eadings 



20 



Antiaen Dilution 


Averaae mV 


3SD 


Range 


0 


160.3 


9.69 


150 .6-170.0 


1:9600 


190.4 


5.58 


184 .8-195.9 


1:2400 


367.4 


15.9 


351.1-383.3 


1 :1000 


766.0 


26 .3 


739 .7-792 .3 


1:400 


1623.7 


1.4 


1622.3-1625.1 
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Table 28 







Thin Film 


Analvzer 








Antigen 


Average 








Ancrle 


Dilution 


mY* 


3SD 




Ranae 


30° 


0 


12 . 0 










1 : 9600 


68. 0 










1 :2400 


90 . 0 










1 :1000 


188 .0 










1 :400 


204 . 0 








40° 


0 


64 .0 










1:9600 


78.0 










1:2400 


84.0 










1 :1000 


197.0 










1 :400 


343.0 








50° 


0 


221.3 


7 


.95 


213 .4-229 .3 




1:9600 


263 .4 


13 


.2 


250.2-276 .6 




1:2400 


370.9 


28 


.2 


342.7-399.1 




1 : 1000 


574 .2 


54 


.0 


520 .2-628 . 2 




1 :400 


1063 .7 


76 


.8 


986.9-1140.5 


56° 


0 


133 .3 


9 


. 0 


124.3-142.3 




1 : 9600 


158 . 0 


11 


.7 


146.3-169.7 




1 :2400 


340.1 


44 


.4 


295.7-384.5 




1:1000 


554 .8 


110 


. 1 


444 .7-664 . 9 




1:400 


1025.2 


84 


.6 


940.7-1109.8 


60° 


0 


308 . 9 


18 


. 6 


290.3-327.5 




1:9600 


352.3 


9 


.6 


342.7-361.9 




1:2400 


569.9 


36 


.6 


533.3-606.5 




1 :1000 


1070.7 


159 


.0 


911.7-1229.7 




1 :400 


1651.0 


0 


.0 


1651.0 


70°' 


0 


1300.0 










1:9600 


1372 . 0 










1:2400 


1482.0 










1:1000 


1649.0 










1 :400 


1649.0 









10 3 Average mV signal from ten separate readings. 

Data represents single measurement at these angles. 
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At angles of incidence in the range of 30° to 40°, 
the thin film analyzer demonstrates excellent sensitivity, 
and the dynamic range observed is suitable for assays with 
a limited range requirement. The angles between 50° and 
5 60° meet both the requirements of sensitivity and dynamic 
range. Background cannot be sufficiently minimized with 
a single polarizer for angles above 65°. This background 
could be reduced by electronic means. The dynamic range 
at these angles is sufficient to allow such correction 
10 mechanisms. 

F.XAMPLE 28 : Compar i son Rllipsnmster Sensitivity For Strep 
A Assay 

A Strep A assay protocol was developed which further 
enhances the readability of low positive samples. The 
15 sample (Strep A antigen) was mixed with conjugate and 
incubated 3 minutes at room temperature. An aliquot 
(20mD of this mixture was applied to the surface and 
incubated for 3 minutes. The rinse/dry protocol was 
performed as described above, either in the single use 
20 device or under a stream of nitrogen. Substrate was 
applied and incubated for 3 minutes, followed by the 
rinse/dry protocol. Results for an antigen dilution curve 
prepared with test surfaces with and without (visual - 
versus - non-visual) silicon nitride. Visual results were 
25 scored for increasing hues of purple from pale purple to 
dark blue. Surfaces without silicon nitride were reacted, 
rinsed, and dried without incorporation into a single use 
device. These surfaces were examined with a photodiode 
modified Comparison Ellipsometer . Readings were reported 
3 0 in millivolts and corrected for a background measurement. 
An eight fold increase in the performance of the Strep A 
OIA assay was observed with the instrumented detection 
based on an antigen dilution study. A total of 5 curves 
were examined . 
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Antigen 

Dilution 

0 

1:38400 

1:19200 

1:9600 

1:4800 

1:2400 

1:1600 

1:1000 

1:4000 



Visual 



1+ 
2 + 
5 + 
7 + 
10n 



158 

Table 2 9 
Average 
mV 
2.5 
16.8 
38.4 
54.5 
161.3 



3SD 
3.0 
6.6 
12.3 
11.7 



Range 
-0.5-5.5 
10.2-23.4 
26.1-50.7 
42 . 8-66.2 



The test kit, the immunoassay device and the under- 
lying coating and detection methods described herein are 

15 not intended to be limited by the assay format described 
or by the volumes, the concentrations or specific ingredi- 
ents given for the various reagents, controls, and cali- 
brators. It should be understood that similar chemical or 
other functional equivalents of the components used in the 

20 layer, layer coatings, or in any of the various reagents, 
additives, controls, . and calibrators can be utilized 
within the scope of this invention. 

The foregoing examples serve to illustrate the 
efficiency and utility of this technology to detect a 

25 variety of analytes using the pre-formed slide consisting 
of a substrate, AR material (s), activation, and receptive 
material (s) to produce an interference color change as a 
signal of analyte. attachment . 

Without being bound to the substrate formats or 

30 materials utilized in the preceding examples, it is 
possible to utilize a diversity of combinations of 
substrate formats and substrate materials which are 
functionally equivalent substitutes capable of having AR 
material bound to their surface, or are capable of being 

35 activated to allow attachment of the receptive material. 
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It is contemplated that the inventive concepts herein 
described may have differing embodiments and it is 
intended that the appended claims be construed to include 
all such alternative embodiments of the invention except 
5 insofar as they are limited by the prior art. 
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Claims 

1. An instrument configured and arranged to detect 
the presence or amount of an analyte of interest on the 
substrate of an optical device, said instrument 

5 comprising: 

a source of linearly polarized, monochromatic light 
positioned at an angle other than Brewster's angle 
relative to the substrate; and 

an analyzer positioned at said angle relative to said 
10 substrate at a location suitable for detecting reflected 
polarized light from said substrate; 

wherein said analyzer is configured and arranged to 
approximately maximize the change in intensity of light 
reflected from the substrate that is transmitted through 
15 the analyzer when a change in mass occurs at said 
substrate relative to an unreacted surface, 

2. The instrument of claim 1, wherein the angle of 
the incident light is in the range of 30° to 70° from the 
normal relative to the optically active surface. 

20 3. The instrument of claim 1, wherein the angle of 

the detector is in the range of 30° to 70° from the normal 
relative to the optically active surface. 

4. The instrument of claim 1, wherein the polarizer 
is set from 0° to 15° off the total extinction point 

25 relative to the light source. 

5. The instrument of claim 1, wherein the 
monochromatic light source is 672 nm. 

6. The instrument of claim 1, wherein the light 
source is a single wavelength in the range of 540 - 650 

3 0 nm. 
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7. The instrument of claim 1, wherein the light 
source is polychromatic and is filtered to provide a 
monochromatic source. 

8. The instrument of claim 1, wherein the detector 
5 is a single photodiode. 

9. The instrument of claim 1, wherein the detector 
is a photodiode array. 

10. The instrument of claim 1, wherein the light 
source is inherently linearly polarized. 

10 ii. The instrument of claim 1, wherein the light 

source is linearly polarized by the passage through a 
polarizing means. 

12. The instrument of claim 1, wherein the angle of 
incident light and the detector are approximately equal. 

15 13. A method for analyzing an optical surface 

comprising the steps of: 

configuring and arranging an optical instrument to 
detect the presence or amount of an analyte of interest on 
the substrate of the optical device, said instrument 

20 comprising: 

a source of linearly polarized monochromatic light 
positioned at an angle other than Brewster's angle 
relative to the substrate; and 

an analyzer positioned at said angle relative to said 
25 substrate at a location suitable for detecting reflected 
polarized light from said substrate; 

wherein said analyzer is configured and arranged to 
approximately maximize the change in intensity of light 
reflected from the substrate that is transmitted through 
30 the analyzer when a change in mass occurs at said 
substrate relative to an unreacted surface. 
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14. An optical assay device comprising; 

an active receptive surface supported on a pedestal 
and held within a first container; said first container 
comprising first absorbent material located at the base of 
5 said pedestal , configured and arranged to absorb liquid 
draining from said surface, 

a second container, hingedly connected to one side of 
said first container, said second container comprising a 
second absorbent material, wherein said second container 
10 can be closed to said first container by rotation about 
the hinge, and wherein such closing causes said second 
absorbent material to contact said surface. 

15. The device of claim 14, wherein said second 
container further comprises a handle configured and 

15 arranged to cause said second absorbent material to move 
relative to the location at which said second absorbent 
material contacts said surface . 

16. The device of claim 14 or 15, wherein said 
device further comprises a moveable flap in said first 

20 container which is configured and arranged to prevent said 
second absorbent material from moving from said first 
container . 

17. The device of claim 14 or 15, wherein said 
device further comprises a moveable flap in said second 

25 container which is configured and arranged to prevent said 
second absorbent material from moving from said second 
container. 

18. The device of claim 16 or 17, wherein each said 
flap is hingedly connected to said first or second 

30 container. 



SUBSTITUTE SHEET 



WO 94/03774 



PCT/US93/05673 



163 

19. The device of claim 16 or 17, wherein each flap 
is provided with one or more apertures to allow access to 
said surface or said second absorbent material. 

20. An optical assay device, comprising; 

5 a plurality of optically active surfaces supported on 

a base, said base comprising a first absorbent material 
configured and arranged to absorb liquid draining from 
said surfaces, and 

a slidable lid comprising one or more absorbent 
10 regions configured and arranged to contact said optically 
active surfaces during use of the device. 

21. The device of claim 20, wherein said device is 
provided with step means to allow stepped movement of said 
lid relative to said base. 

15 22. The device of claim 20, wherein said lid 

comprises a series of apertures which allow selected 
access to said surfaces during use of said device. 

23. The device of claim 20, wherein said lid 
comprises an elongated aperture and wherein said base 

20 comprises a series of indicia, wherein said elongated 
aperture cooperates with said indicia to indicate a method 
for use of the device. 

24. The device of claim 14, wherein the analyte of 
interest is the Human Immunodef iency Virus (HIV) I or II 

25 or a combination thereof. 

25. The device of claim 14, wherein the analyte of 
interest is Streptococcus Group A. 

26. The device of claim 14, wherein the analyte of 
interest is Streptococcus Group B. 
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27. The device of claim 14, wherein the analyte of 
interest is RSV . 

28. The device of claim 14, wherein the analyte of 
interest is Hepatitis B . 

5 28. The device of claim 14, wherein the analyte of 

interest is Chlamydia species. 

30. The device of claim 14, wherein the analyte of 
interest is HSV. 

31. The device of claim 14, wherein the analyte of 
10 interest is an antigen, an antibody, nucleic acid, oligo- 
nucleotides, chelators, enzymes, bacteria, viruses, 
hormones, environmental agents, metals, and receptors for 
said materials, 

32. The device of claim 14 or 20, wherein said 
15 device comprises an optically active, receptive surface. 

33. The device of claim 14 or 20, wherein said 
device is configured and arranged to measure the presence 
or amount of Streptococcus Group A antigen, Streptococcus 
Group B antigen, RSV, a Chlamydia or Hepatitis antigen. 

20 34. An optical assay device, comprising: 

an optically active receptive surface configured and 
arranged to allow simultaneous assay of a plurality of 
samples on said surface for one analyte of interest, and 
an automated liquid handling apparatus configured and 
25 arranged to dispense sample and reagent solutions to said 
surface . 

35. The device of claim 34, wherein said device 
further comprises an optical reader to determine the 
result of each assay. 
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36. The device of claim 34, wherein said device 
further comprises a blotting or blowing means configured 
and arranged for drying said surface. 

37. The device of claim 14, 20, or 34, wherein said 
5 device provides a quantitative assessment of a sample 

applied to said device. 

38. The device of claim 14, 20, or 34 wherein said 
device provides a qualitative assessment of a sample 
applied to said device. 

10 3 9. A method for producing an optical assay device 

comprising a substrate and one or more optical layers, an 
attachment layer, and a receptive layer, comprising the 
step of spin coating one said layer. 

40. The method of claim 39, comprising the step to 
15 spin coating an optical thin film on the surface of a 

substrate . 

41. The method of claim 40, wherein said optical 
thin film consists of titanium dioxide, titanates, silicon 
carbide, polysilizanes, aluminum alkyloxides, silicates, 

20 oxides of zirconium, or silicon nitride. 

42. The method of claim 40, wherein said film has a 
thickness between 25 and 600 A. 

43. A method for detecting the presence or the 
amount of the analyte of interest; 

25 comprising the steps of providing a device 

comprising; 

a substrate having an optically active surface 
exhibiting a first color in response to light impinging 
thereon, and exhibiting a second color comprising a 
30 combination of wavelengths of light different from said 
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first color or comprising an intensity of at least one 
said wavelength of light different from said first color 
in response to said light when said analyte is present on 
said surface in an amount of 50 fg or 2 x 10 3 organisms 
5 comprising said analyte; and wherein said second color is 
discernable in less than one hour after contact of said 
analyte with said ^device; and 

contacting said substrate with a sample potentially 
comprising said analyte under conditions in which said 

10 substrate exhibits said second color when said substrate 
comprises said analyte in a said amount and in said less 
than one hour; 

wherein said device is a thin film analyzer set such 
that said first color is a background intensity of light 

15 transmitted through the analyzer to a detector, and said 
second color is a change in intensity of the light trans- 
mitted through the analyzer to said detector relative to 
the first color. 

44. The method of claim 43, wherein said analyte is 

2 0 selected from the group consisting of rheumatoid factor, 

IgE antibodies specific for Birch pollen, carcinoembryonic 
antigen, Streptococcus Group A antigen, viral antigens, 
antigens associated with autoimmune diseases, allergens, 
a tumor or an infectious micro-organism, Streptococcus 
25 Group B antigen, HIV I or HIV II antigen or host response 
to said viruses, antigens specific to RSV or host response 
to said virus, antigens specific to Hepatitis or host 
response to said organism. 

45. A device for detecting the presence or amount of 

3 0 an analyte of interest, comprising: 

a substrate having an optically active surface 
exhibiting a first color in response to light impinging 
thereon, and exhibiting a second color comprising a 
combination of wavelengths of light different from said 
35 first color or comprising an intensity of at least one 
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said wavelength of light different from said first color 
in response to said light when said analyte is present on 
said surface in said surface ; 

wherein said substrate comprises an optical thin film 
5 comprising a material selected from the spin coated 
materials consisting of titanium dioxide, titanates, 
silicon carbide, polysilizanes, aluminum alkyloxides, 
silicates, oxides of zirconium, or silicon nitride. 

46 . A device for detecting the presence or amount of 

10 an analyte of interest, comprising: 

a substrate having an optically active surface 
exhibiting a first color in response to light impinging 
thereon. and exhibiting a second color comprising a 
combination of wavelengths of light different from said 

15 first color or comprising an intensity of at least one 
said wavelength of light different from said first color, 
in response to said light when said analyte is present on 
said surface; 

wherein said substrate comprises an attachment layer 
20 comprising a chemical selected from the group consisting 
of dendrimers, star polymers, molecular self -assembling 
polymers, polymeric siloxanes, and film forming latexes; 

wherein said substrate material is selected from the 
group consisting of monocrystalline silicon, glass, 
25 glass/amorphous silicon composite, a metal, a ceramic, a 
polycrystalline silicon, and composites of these 

materials , and 

wherein said substrate comprises an optical thin film 
comprising a material selected from the spin coated 
30 materials consisting of titanium dioxide, titanates, 
silicon carbide, polysilizanes, aluminum alkyloxides, 
silicates, oxides of zirconium, or silicon nitride. 

47. An optical ' assay device for an analyte 
comprising : 



a 
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a substrate selected from glass, plastic, silicon and 
amorphous silicon, 

an anti-reflective layer selected from silicon 
nitride, composite of silicon/silicon dioxide, titanates, 
5 silicon carbide, diamond, cadmium sulfide, and titanium 
dioxide , 

an attachment layer selected from a polymeric silane, 
siloxane, film forming latex, and a dendrimer, and a 
specific binding layer for said analyte. 

10 48. The device of claims 46 - 47, wherein said 

optical substrate is glass; 

said amorphous silicon layer has a thickness between 
900 and 1000 nm; 

an aluminum layer of between 1900 and 2100 A 
15 thickness is provided on said glass; 

said silicon nitride, composites of silicon/silicon 
dioxides, titanates, or titanium dioxide layer has a 
thickness between 480 and 520 A; 

said attachment layer is an aminoalkyl-T-structured 
20 branched siloxane of between 90 and 110 A thickness; and 
said receptive material is an antibody layer of 
between 3 0 and 60 A thickness. 

49. The device of claims 4 6 - 47, wherein said 
optical substrate is monocrystalline silicon; 

25 said silicon nitride, composites of silicon/silicon 

dioxides, titanates, or titanium dioxide layer has a 

thickness between 480 and 520 A; 

said attachment layer is an aminoalkyl-T- structured 

branched siloxane of between 90 and 110 A thickness; and 
30 said receptive material is an antibody layer of 

between 30 and 60 A thickness. 

50. The device of claims 46 - 47, wherein said 
optical substrate is glass; 
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said amorphous silicon layer has a thickness between 

900 and 1000 nm; 

said silicon nitride, composites of silicon/silicon 
dioxides, titanates, or titanium dioxide layer has a 
thickness between 480 and 520 A; 

said attachment layer is an aminoalkyl-T- structured 
branched siloxane of between 90 and 110 A thickness; and 
said receptive material is an antibody layer of 
between 30 and 60 A thickness. 

51. The device of claims 46 - 47, wherein said 
optical substrate is plastic; 

said amorphous silicon layer has a thickness between 

900 and 1000 nm; 

said silicon nitride, composites of silicon/silicon 
15 dioxides, titanates, or titanium dioxide layer has a 
thickness between 48 0 and 520 A; 

said attachment layer is an aminoalkyl-T- structured 
branched siloxane of between 90 and 110 A thickness; and 
said receptive material is an antibody layer of 
20 between 30 and 60 A thickness. 

52. The device of claims 46 - 47, wherein said 
optical substrate is plastic; 

said amorphous silicon layer has a thickness between 

900 and 1000 nm; 

25 an aluminum layer of between 1900 and 2100 A thick- 

ness is provided on said glass; 

said silicon nitride, composites of silicon/silicon 
dioxides, titanates, or titanium dioxide layer has a 
thickness between 480 and 520 A; 

30 said attachment layer is an aminoalkyl-T- structured 

branched siloxane of between 90 and 110 A thickness; and 
said receptive material is an antibody layer of 
between 30 and 60 A thickness. 
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53. A device for use in an optical assay for an 
analyte comprising: 

a mult i- layered substrate comprising a layer of base 
material, a conducting metal layer comprising aluminum, 
5 chromium, or a transparent conducting oxide, and, 
a layer of amorphous silicon, 

wherein said metal layer is positioned adjacent said 
amorphous silicon . 

54 . A device for use in an optical assay for an 
10 analyte comprising: 

a multi- layered substrate comprising a layer of base 
material, and a layer of amorphous silicon adjacent said 
base material . 

55. The device of any of claim 53 - 54, further 
15 comprising an anti -reflective layer attached to the upper 

substrate surface, comprising an optical material able to 
attach to the upper substrate surface, and a receptive 
material positioned most remote from the upper substrate 
surface and selected from materials specific to bind said 
20 analyte of interest in a fluid to be tested. 

56. The article of claim 55, wherein attachment 
layer is interposed between said optical material and said 
receptive material. 

57. A device for detecting the presence or amount of 
25 an analyte of interest, comprising: 

a substrate having an optically active surface 
exhibiting a first color in response to light impinging 
thereon, and exhibiting a second color comprising a 
combination of wavelengths of light different from said 
30 first color, or comprising an intensity of at least on 
said wavelength of light different from said first color, 
in response to said light when said analyte is present on 
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said surface in an amount selected from 50 fg or 2x1 0 3 
organisms comprising said analyte. 

58. A device for detecting the presence or amount of 
an analyte of interest, comprising: 
5 a substrate having an optically active surface 

exhibiting a first color in response to light impinging 
thereon, and exhibiting a second color comprising a 
combination of wavelengths of light different from said 
first color or comprising an intensity of at least one 
10 said wavelength of light different from said first color, 
in response to said light when said analyte is present on 
said surface; 

wherein said substrate is a material selected from 
the group consisting of a glass /amorphous silicon 
15 composite or a plastic/amorphous silicon composite. 

59. The device of claim 58, wherein said substrate 
supports an optically active surface or is optically 
active itself. 

60. The device of claim 58, wherein said substrate 
20 is selected from the group consisting of glass, and 

plastic, comprising a layer of amorphous silicon on its 
surface, whereby an optically active surface is produced. 

61. The device of claim 58, wherein said optically 
active surface comprises monocrystalline silicon or metal. 

62. The device of claim 58, wherein said substrate 
comprising metal further comprises a layer of amorphous 
silicon. 

63. The device of any of claim 52 - 53 further 
comprising an anti-reflective layer attachment to the 
upper substrate surface, comprising an optical material 
able to attach to the upper substrate surface, and a 



25 



30 
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receptive material positioned most remote from the upper 
substrate surface and selected from materials specific to 
bind said analyte of interest in a fluid to be tested. 

64. The device of claim 63, wherein said anti- 
5 reflective layer comprises a material selected from the 

group consisting of silicon nitride, composites of 
silicon/silicon dioxide, diamond, silicon carbide, cadmium 
sulfide, and silicon oxynitride. 

65. The device of any of claims 53 - 54, wherein 
10 said base material is selected from any of the group 

consisting of glass, fused silica, plastics, semicon- 
ductors, ceramics, metals, and may be either rigid or 
flexible. 

66. The device of claim 53 - 54, wherein said 
15 substrate supports an optically active surface . or is 

optically active itself. 

67. The device of claim 53 - 54, wherein said 
substrate is selected from the group consisting of glass, 
and plastic, and further comprises a layer of amorphous 

20 silicon. 

68. The device of claim 53 - 54, wherein said 
optical active surface comprises monocrystalline silicon 
or metal . 

69. The device of claim 53 - 54, wherein said 
25 substrate comprising metal further comprises a layer of 

amorphous silicon. 

70. The method of claim 43, wherein said sample is 
selected from the group consisting of urine,, serum, 
plasma, spinal fluid, sputum, whole blood, saliva, uro- 

30 genital secretions, fecal extracts, pericardial washes, 
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gastric washes, peritoneal washes, pleural washes, 
colonical washes, nasal /pharyngeal washes, respiratory 
discharges, and vaginal secretions. 

71. The device of claim 46, wherein the analyte of 
5 interest is selected from the group consisting of Group B 

Streptococci, RSV, Chlamydia family, one or more Hepatitis 
antigen, HAV, HBV, HCV, HDV, or HEV, one or more HIV 
antigen, LPS antigen, an LPS specific to Chlamydia, an 
antibody or antibodies to Hepatitis, HAV, HBV, HCV, HDV, 
10 or HEV, an antibody or antibodies to HIV. 

72. The device of claim 46, wherein the substrate 
further comprises a layer of non-specific protein which 
promotes the adhesion of a precipitating reagent. 

73. The device of claim 46, wherein the substrate 
15 further comprises a layer of non-specific protein which 

improves the signal generation. 

74. The device of claims 72 or 73, wherein analyte 
binding is detected by a change in color. 

75. The device of claims 72 or 73, wherein analyte 
20 binding is detected by an ELISA. 

76. The device of claims 72 or 73, wherein analyte 
binding is detected by a RIA. 

77. The device of claims 72 or 73, wherein analyte 
binding is detected by fluorescence or chemi luminescence . 

25 78. The device of claim 46, wherein the analyte of 

interest is captured by a non-specific interaction with 
the substrate . 
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79. Device for the determination of a chlamydial or 
gram negative bacterial antigen comprising ; 

an attachment layer selected from the group of 
chemicals consisting of dendrimers, star polymers, 
5 molecular self -assembling polymers, polymeric siloxanes, 
and film forming latexes which promote adhesion of the 
antigen to the optically active surface by hydrophobic 
interactions, and 

a layer of non-specific protein. 

10 80. Method for the determination of a chlamydial or 

gram negative bacterial antigen comprising: 

contacting the sample potentially containing 
extracted antigen with an optically active surface which 
further comprises, 

15 an attachment layer selected from the group of 

chemicals consisting of dendrimers, star polymers, 
molecular self -assembling polymers, polymeric siloxanes, 
and film forming latexes which promote the adhesion of the 
antigen to the optically active surface by hydrophobic 

20 interactions, and 

a layer of non-specific protein. 

81. The device of claim 79 or 80, wherein the 
antigen is an LPS. 

82. The device of claim 79 or 80, wherein the 
25 antigen is a major outer membrane protein. 

83. The device of claim 79 or 80, wherein the signal 
generated is a color change. 

84. The device of claim 79 or 80, wherein the signal 
generated is from an ELISA. 

30 85. The device of claim 79 or 80, wherein the signal 

generated is from an RIA. 
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86. The device of claim 79 or 80, wherein the signal 
generated is from a fluorescent or chemi luminescent label . 

87. The method of claim 46, wherein the analyte of 
interest is non- specif ically adsorbed to the optically 

5 active surface. 

88. Method for determination of a chlamydial or gram 
negative bacterial antigen consisting of: 

mixing the sample suspected of containing the analyte 
of interest with a reagent to extract the antigens and 
10 allowing this extraction to proceed for 5 to 10 minutes, 
and 

adding sufficient volume of a neutralizing buffer to 
adjust the final pH to 7.0 - 7.5, and 

applying the sample to the optically active surface 
15 for 5 to 10 minutes at room temperature, and 

applying the secondary antibody conjugate to the 
sample spot on the optically active surface for 1 to 10 
minutes, followed by a wash and dry protocol, and 

applying substrate to the optically active surface 
20 for 10 to 15 minutes at room temperature, followed by a 
wash and dry protocol, and 

then measuring the color change. 

89. The method of claim 88, wherein the color change 
is caused by an interference effect. 

25 90. The method of claim 88, wherein the color change 

is observed with an ellipsometer . 

91. The method of claim 88, wherein the color change 
is observed with a comparison ellipsometer. 

92. The method of claim 88, wherein the color change 
30 is observed with a thin film analyzer. 
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93. The method of claim 88, wherein the color change 
is observed with a ref lectometer . 

94. The method of claim 88, wherein the extraction 
reagent consists of phosphate buffered saline containing 

5 approximately 0.1 % chenodeoxycholic acid (CDOC) and is 
alkalized with NaOH to a final pH of approximately 11.5. 

95. The method of claim 88, wherein the neutralizing 
reagent is a phosphate buffer. 

96. Method for analyzing an optical surface 
10 comprising the steps of: 

arranging a polarizer parallel to the detector at the 
pre-determined angle relative to the optical test surface, 
and 

nulling the pre -detector polarizer relative to the 
15 incident light with an unreacted optical test surface. 

97. Device for detecting the presence or amount of 
an analyte of interest, comprising: 

a reflective solid, optical support and a label 
capable of generating fluorescent signal upon excitation 

20 with a suitable light source; 

wherein said support comprises an attachment layer 
comprising a chemical selected from the group consisting 
of dendrimers, star polymers, molecular self -assembling 
polymers, polymeric siloxanes, and film forming latexes; 

25 wherein the support provides an enhanced level of 

exciting photons to the immobilized fluorescent label 
compound ; 

and wherein the support also increases the capture of 
fluorescent signal . 

30 98. Device for detecting the presence or amount of 

an analyte of interest, comprising: 
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a reflective solid, optical support and a label 
capable of generating fluorescent signal upon excitation 
with a suitable light source; 

wherein said support comprises an optical thin film 
5 or AR film comprising a material selected from the group 
consisting of silicon nitride, silicon/silicon dioxide 
composites, silicon oxynitride, titanium dioxide, titan- 
ates, diamond, oxides of zirconium, and silicon carbide; 
and wherein the film is selected to anti-ref lect the 

10 exciting light; 

wherein the support provides an enhanced level of 
exciting photons to the immobilized fluorescent label; 

and wherein the support also increases the capture of 
fluorescent signal . 

15 9 9 . Device for detecting the presence or amount of 

an analyte of interest, comprising: 

a reflective solid, optical support and a label 
capable of generating fluorescent signal upon excitation 
with- a suitable light source; 
20 wherein said support comprises an attachment layer 

comprising a chemical selected from the group consisting 
of dendrimers, star polymers, molecular self -assembling 
polymers, polymeric siloxanes, and film forming latexes; 
wherein said support comprises an optical thin film 
25 or AR film comprising a material selected from the group 
consisting of silicon nitride, silicon/silicon dioxide 
composites, silicon oxynitride, titanium dioxide, titan- 
ates, diamond, oxides of zirconium, and silicon carbide; 
wherein said support is a material selected from the 
30 group consisting of monocrystalline silicon, glass, a 
glass/amorphous silicon composite, a metal, a ceramic, 
polycrystalline silicon, and composites of these 
materials ; 

wherein the film is selected to anti-reflect the 
35 exciting light; 
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wherein the support provides an enhanced level of 
exciting photons to the immobilized fluorescent label; 

and wherein the support also increases the capture 
of fluorescent signal . 

5 100. The device of any of the claims 97 - 99, wherein 

the fluorescent label is a dye introduced into a biologic- 
ally active, receptive material, 

101. The device of any of the claims 97 - 99, wherein 
said support comprises an attachment layer comprising a 

10 chemical selected from the group consisting of dendrimers, 
star polymers, molecular self -assembling polymers, 
polymeric siloxanes, and film forming latexes. 

102. The device of any of the claims 97 - 99, wherein 
the support comprises an optical thin film or AR film 

15 comprising a material selected from the group consisting 
of silicon nitride, silicon/silicon dioxide composites, 
silicon oxynitride, titanium dioxide, titanates, diamond, 
oxides of zirconium, and silicon carbide. 

103. The device of any of the claims 97 - 99, wherein 
20 the support is selected from the group consisting of mono- 

cyrstalline silicon, a glass/amorphous silicon composite, 
a plastic/amorphous silicon composite, a ceramic, poly- 
crystalline silicon, glass, a metal, and composites of 
these materials; 

25 104. The device of claim 103, wherein said support is 

light reflective. 

105. The device of any of claims 97 - 99, further 
comprising a receptor layer receptive to said analyte, 
said layer comprising a specific binding partner for said 
30 analyte. 
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106. The device of claim 105, wherein the receptive 
layer is an antibody. 

107. The device of claim 105, wherein the receptive 
layer is a nucleic acid. 

5 108. The device of claim 105, wherein the receptive 

layer is an enzyme substrate. 

109. The device of claim 105, wherein the receptive 
layer is formed from material selected from the group 
consisting of antigens, antibodies, oligonucleotides, 

10 chelators, enzymes, bacteria, bacterial pili, bacterial 
flagellar materials, nucleic acids, polysaccharides, 
lipids, proteins, carbohydrates, metals, viruses, 
hormones, and receptors for said materials. 

110. The device of any of claims 97 - 99, wherein 
15 said analyte is selected from the group consisting of an 

antibody, antigen, enzyme, hormone, polysaccharides, 
proteins, lipids, carbohydrates, drugs, and nucleic acids. 

111. The device of claim 106, wherein said analyte of 
interest is sandwiched between said receptive material and 

20 a secondary binding reagent. 

112. The device of claim 111, wherein the secondary 
binding reagent contains the fluorescent label. 

113. The device of any of the claims 97 - 99, wherein 
the detector and the light source are positioned at equal 

25 angles relative to the test support. 

114. The device of any of the claims 97 - 99, wherein 
the light sources is monochromatic or polychromatic. 
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115. The device of any of the claims 97 - 99, wherein 
the AR film is selected to extinguish the exciting 
wavelength specific to the fluorophore. 

116. The device of any of the claims 97 - 99, wherein 
5 the angle of the incident light source and the detector 

are equal . 

117. The device of any of the claims 97 - 99, wherein 
the detector is positioned at any angle relative to the 
test surface. 

10 118. A method for detecting the presence or amount of 

an analyte of interest in a sample, comprising the steps 
Of: 

providing a reflective solid, optical support and a 
label capable of generating fluorescent signal upon exci- 

15 tat ion with a suitable light source; wherein said support 
comprises an attachment layer comprising a chemical 
selected from the group consisting of dendrimers, star 
polymers, molecular self -assembling polymers, polymeric 
siloxanes, and film forming latexes; and wherein the 

20 support provides an enhanced level of excitation and 
capture of fluorescent signal; and 

contacting said support with a sample potentially 
comprising said analyte of interest under conditions in 
which said analyte can interact with said support to cause 

25 said support and the label to generate a fluorescent 
signal . 

119. The method of claim 118, wherein said analyte of 
interest is sandwiched between a receptive material and a 
secondary binding reagent. 

30 120. The method of claim 118, wherein the analyte of 

interest is detected directly by the binding of said 
analyte . 
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121. The method of claim 118, wherein said analyte of 
interest is detected by competition with a signal generat- 
ing reagent for the receptive material. 

122. The method of claim 118 wherein said analyte of 
5 interest is detected by indirect signal generation. 

123. The method of claim 118, wherein said sample is 
selected from the group consisting of urine, serum, 
plasma, spinal fluid, sputum, whole blood, saliva, uro- 
genital secretions, fecal extracts, pericardial washes, 

10 gastric washes, peritoneal washes, pleural washes, 
colonical washes, nasal /pharyngeal washes, respiratory 
discharges, and vaginal secretions. 

124. The method of claim 118, wherein the AR film is 
selected to extinguish the exciting wavelength specific to 

15 the fluorophore. 

125. The method of claim 118, wherein the angle of 
the incident light source and the detector are equal. 

126. A method of claim 118, wherein the fluorescent 
label is conjugated to an antibody. 



20 



127. A method of claim 118, wherein the fluorescent 
label comprises an enzyme substrate. 

128. A method of claim 118, wherein the fluorescent 
label comprises a nucleic acid probe. 
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Box I Observations where certain claims were found unsearchable (Continuation of Hem 1 of first sheet) 



This international report has not been established in respect of certain claims under Article 17(2Xa) for the following i 
1. I I Claims Nos.: 

1—1 because they relate to subject matter not required to be searched by this Authority, namely: 



2. I - 1 Claims Nos.: 

' — ' because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Obserrations where unity of invention is lacking (Continuation of item 2 of first sheet) 



International Searching Authority found multiple inventions in this international application, as follows: 
(TCtep^o^e p|ZRCT*Ct?> 

Please See Extra Sheet 



1 . | j As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. || As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. | | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; k is covered by claims Nos.: 



Remark on Protest The additional search fees were accompanied by the applicant's protest. 

ED **° P™**** accompanied the payment of additional search fees. 
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B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terms used): 

DIALOG (Expand on inventor's names); APS (Expand on inventor's names); ((DEVICE OR INSTRUMENT) AND 
PHOTODIODE AND ANALYZER) and (VIRUS OR HIV OR HTLV OR HSV OR STREPTOCOCCUS OR 
CHLAMYDIA OR HEPATITIS) AND THN FILM AND (TITANIUM DIOXIDE OR TITAN ATES OR SILICON 
CARBIDE OR POLYSELIZANESOR ALUMINUM ALKYLOXJDES OR SILICATES OR ZIRCONIUM OR SILICON 
NITRIDE) 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

In the examination of international applications filed under the Patent Cooperation Treaty, PCT Rule 13.1 
states that the international application shall relate to one invention only or to a group of invention so linked as to form 
a "single general inventive concept". 

PCT Rule 13.2 indicates that this shall be construed as permitting in particular one of the following three 
possible combinations of the claimed invention: 

(1) a product, a process specifically adapted for the manufacture of said product and a use of said 
produce, or 

(2) a process, and an apparatus or means specifically designed for carrying out said process; or 

(3) a product, a process specifically adapted for the manufacture of said product and an apparatus or 
means designed for carrying out the process. 

Additionaly, current United States Patent and Trademark Office practice permits the following combinations of 
the claimed invention. 

(4) a product, and a process specifically adapted for the manufacture of said product, and 

(5) a product, and a use of the said product, as where said use as claimed cannot be practiced with 
another materially different product. 

This application contains the following inventions or groups of inventions which are not so linked as to form a 
single inventive concept. In order for all inventions to be examined, the appropriate additional examinations fees must 
be paid. 

I. Claims 1-12, drawn to an instrument, classified in Class 356, subclass 345, and claims 13 and 96, drawn 
to method of analyzing an optical lurfaoe, classified Class 436, subclass 171. 

D. Claims 14-38, 45-69, 71-79, 81-87, and 97-117, drawn to optical assay device, classified in Class 356, 
subclass 345. 

m. Claims 39-42, drawn to method of producing optical device, classified in Class 356, subclass 345. 

IV. . . Claims 80, 88-95, drawn to method of determining Chlamyidal or gram negative bacterial antigen, 
classified in Class 436, subclass 171. 

V. Claims 43, 44, 70, and 118-128, drawn to method of detecting the presence or amount of analyte, 
classified in Class 436, subclass 171. 

The inventions listed as. Groups I and D do not meet the requirements for Unity of Invention for the following 
reasons: The invention of Group I is drawn to an instrument and its related method of use while the invention of Group 
D is drawn to an optical device. The optical device, though classified similarly as the instrument, is drawn to a 
different product. 

The inventions listed as Groups I and III do not meet the requirements for Unity of Invention for the following 
reasons: The invention of Group I is drawn to an instrument and its related method of use while the invention of Group 
III is drawn to a method of producing an optical device (the related product of Group II). The invention of Group IH 
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requires different method steps than that of the method found within Group I, and results in a different end product. 

The inventions listed as Groups I and IV do not meet the requirements for Unity of Invention for the 
following reasons: The invention of Group I is drawn to an instrument and its related method of use while Group IV is 
drawn to a method of detecting Chlamudial or gram negative bacterial antigen. Accordingly, the methods of both 
Group I and IV require different method steps and result in a different end product. 

The inventions listed as Groups I and V do not meet the requirements for Unity of Invention for the following 
reasons: The invention of Group I is drawn to an instrument and its related method of use while the invention of Group 
V is drawn to a method of detecting the presence or amount of analytc. Accordingly, the methods of both Group I and 
IV require different method steps and result in a different end product. 

The inventions listed as Groups III, TV and V do not meet the requirements for Unity of Invention for the 
following reasons: Each of Groups ID, IV and V are drawn to different method, requiring different method steps and 
resulting in different end products. 

The inventions listed as Groups II and in do not meet the requirements for Unity of Invention for the 
following reasons: Inventions of Group III and Group 0 are related as process making and product made. The 
inventions are distinct if either or both of the following can be shown: (1) that the process as claimed can be used to 
make other and materially different product or (2) that the product as claimed can be made by another materially 
different process. In the instant case the process as claimed can be used to make a materially different oriduct such as 
device for us in a nucleic acid hybridization assay. 
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